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.0

FLOW FIELD ANALYSIS OF AIRCRAFT CONFIGURATIONS
USING A NUMERICAL SOLUTION TO THE THREE-
DIMENSIONAL UNIFIED SUPERSONIC/
HYPERSONIC SMALL-DISTURBANCE
EQUATIONS -~ PART II

E. D'Sylva, Boeing Computer Services

INTRODUCTION

This part of the document (Part II) describes the digital computer
program developed to implement a numerical solution to the unified
supersonic/hypersonic small disturbance equations for flow about
aircraft type configurations. In hypersonic small disturbance theory,
the concept of equivalence of a three-dimensional steady flow to a
two-dimensional unsteady flow allows the solution to be advanced
successively from one cross-cut plane to an adjacent cross-cut plane

in the free stream direction.

The numerical method used to update the flow field in a cross-cut
plane is based on a Lax-Wendroff difference approximation to the flow
equations with special treatment of points on and near the boundary
contour. Boundary points are updated using either a quasi-one-
dimensional method of characteristics (called BND3) or a conservative
difference scheme derived from the Lax-Wendroff difference equations
(called BND1). There are also field points near the boundary contour
(called 'between' points) which are updated by interpolation. Details
of the theoretical considerations underlying the method are presented

in Part I of this document.



2.0

DESCRIPTION OF PROGRAM

The computer program is coded in CDC FPRTRAN 2.3 language for the
Control Data Corporation 6400/6600 computers and the Scope 3.1

operating system.

To keép within the field constraint of 70,000 octal the program

uses the overlay feature of the loader. The program is divided

jnto ten subprograms consisting of a main overlay and nine primary
overlays. Each overlay consists of a set of subroutines. The overlay

structure is shown below:

TEA270D

INIT
~ RESET
BNDRY (or) BNDRC
FINDCT
MAPS
LAXWDF
BETWN

~— STBPRN

TEA270D, the main overlay or overlay (0,0) calls the primary overlays.

It contains basic subroutines used by several primary overlays.

INIT is primary overlay (1,0). It is the initialisation overlay and
as its name suggests, it executes the tasks that need to be done once

and for all at the commencement of a program run.
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The next eight overlays from RESET to STBPRN are executed in a loop.
Each cycle through the loop advances the flow field solution in the

free stream direction.

RESET is primary overlay (2,0), It initialises the program within

the time integration loop.

BNDRY (primary overlay (3,0) ) or BNDRC (primary overlay (33,0) )

updates the points on the boundary of the contour.

FINDCT (primary overlay (4,0) ) interpolates for the cross-cut contours

at the new time level,

MAPS, which is primary overlay (5,0) locates intersections of the
Cartesian grid lines with the contours and generates maps of inside,

'between' and Lax-Wendroff points.

LAXWDF (primary overlay (6,0) ) updates those points which can be
updated by the Lax-Wendroff method.

BETWN (primary overlay (7,0) ) controls the interpolation scheme for

points near the boundary which are not Lax-Wendroff points.

STBPRN, which is primary overlay (10,0) completes the time step for
the next update and prints out flow field data.



3.0

PROGRAM DESIGN CONSIDERATIONS ‘
To achieve a computer program which would accgpt“configyrqtions
requirjng quite a Targe number of grid points for their analysis while
still using only a Timited amount of core, the program incorporates
the following features.

A Use of overlays

B Extensive use of disc storage

C Partition of flow field into blocks

D Use of a single scratch array with dynamic storage allocation

The overlay feature is used to reduce the number of program instructions

~which reside in core at any one time, thereby freeing more core for the

work area. The use of disc memory is essential to the storage of the
vast amount of data required to represent the fluid state of all the
grid points in the flow field. As all these data cannot be accommodated
in core simultaneously, the flow field is partitioned into blocks. |
As the solution in the blocks are interdependent, sufficient overlap in
information is provided. The partition of the flow field into plocks

of optimum size is automatically executed by the program.

The key decision of the program design is the use of a single one-
dimensioned scratch array and the avoidance of arrays with

fixed dimensions. This scratch array is then used in the following way:
The main program in each primary overlay is only used to call a number
of subroutines which do the computation. But before each subroutine is
called, the scratch array is cut up into various subsections and the

addresses of these subsections are transferred to these subroutines.



The subroutines themselves have various arrays which may be multiply-~
dimensioned, but have adjustable dimensions. The values of these
adjustable dimensions and the addresses of these arrays are brought

in through the parameter list. In this way, dynamic storage allocation

of the work area A is achieved.

The beneficial results of these design features are

(a) Arrays with fixed dimensions are wasteful of core, except
when the biggest cases are being run. There are no such
arrays in the program. Instead, the single scratch A is
automatically partitioned into subsections in an optimum
manner on every run. No alteration in dimension or other
statements needs to be made from run to run.

(b) If the core constraint needs to be changed, it can be
achieved by a single card change in the program. The card
that needs to be changed is in the main overlay, namely,
COMMDN/CMI99/NN,A(9000) $NN = 9000.

For example, the length of the scratch array A could be
changed to 20,000 by replacing the above card by
COMMBN/CM999/NN ,A(20000) $NN = 20000



4.0

PROGRAM FLOW CHARTS

The program flow charts are listed in this section.
is an overall flow chart of the overlays. Figures 2

flow charts of the individual overlays.

Figure 1

to 11 are
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There are no secondary overlays in the program.

FIGURE 1: MAIN AND PRIMARY OVERLAYS
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Only TIMER is called by TEA270D. The other subroutines are

used by the primary overlays. All are retained in core.

FIGURE 2: SUBROUTINES IN MAIN OVERLAY
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5.0

5.1

5.2

DESCRIPTION OF SUBPROGRAMS

Below is an index of subprogram descriptions.

Overlay (0,0) The Main Overlay

Field Length (Octal)

Primary

TEA270D . o
ALL .« ..
CUBARC e
DSBYDX ...
ENDFL e
GENDRE e
GENMSK ..
MAPCHK ...
NLCSP ...
NRMCUR ..
PASCON c e
P@SITN e
TIMER . ..
XYC@RS . ..

Overlay (1,0)

INIT . e
CHECK . ..
CONES@L ...
TANWEDG . e
PATCH .
SETICT . o
START1 .o
START2 . .

.......... Variable

.......... 171

Field Length (Octal)

.......... 1,668
..... “ e e e e 766
....... e e 272
.......... 435
.......... 558
.......... 106
.......... 133

18



5.3

5.4

5.5

Primary

BADGOM . . . . . .. ...
BGAUXT . . . . . v v v v v ...
BGAUX2 . . . ... ... e e
BGAUX3 . . . . v e e e ..
BGAUX4 . . . . . .. e e e
BGAUX5 & v v i v e e e e e .

Overlay (2,0)

Primary

RESET . . . . . v o v v oo
DELTAT . . . . . v . o o ...
SAVE . ..o oo oo 0o

Overlay (3,0)

Primary

BNDRY . . . .. e e e e e e
BNDGPM . . ... ... oL
BNDINT . . . . . . .. . o ..
BNDRED . . . . ..o o000
BNDT ..o oo oo
BNDWRI . . . . . . o .o oL

Overlay (33,0)

BNDRC . . . . o000 oL
BNDGAC . . . . oo o0 o .
BNDINC . . . .. . ... ...

19

Variable
Variable
VariabTe '
Variable-
Variable

Variab]e

Field Length (Octal)

626
132
501

Field Length (Octal)
500
1,243
1,420
352
3,224
1,143
176
231
104

Field Length (Octal)
517
1,351
1,627



BNDREC . . . . . . ... .. .. 363

111 < J 3,547
BNDWRC . . . . . . . ¢ oo ... 134
PALC . . . o e e s e e e e e 176
STATE . . & v ¢ v ¢ v v v v v v 150
SMALRT  © v v v e e 164
5.6 Primary Overlay (4,0) Field Length (Octal)
FINDCT . . . . ¢« o v v ¢ ¢« v o o 551
NEWCTT . . . . . . 0oL 1,535
NEWCTZ o v v e e e e e e . 1,161
5.7 Primary Overlay (5,0) Field Length (Octal)
MAPS . . . ¢ . 0.0 . .. 263
INTCON . . . . . . o o v o v o .. 1,572
INTCUB . . . ¢ . ¢ o v v v v v . 337
MAPIT . . ¢ v v e v e v v v e o 1,174
RAPT3 . . .« v v v v o v 0. 501
5.8 Primary Overlay (6,0) Field Length (Octal)
LAXWDF . . . « « v ¢ v v v o v .. 206
LXWN . . o o v o s e e 3,462
o 60
S C 66
GG . e e e e e e e e e 60

20



5.9 Primary Overlay (7,0) Field Length (Octal)

BETWN . . . . . . . . ... ... 234
LAPGUN . . . . . . ¢ o ¢ v o o v 1,113
RHSBND . . . . . . e e e e e e e 220
RHSLXW . . ¢ . ¢ v ¢ v ¢ ¢ v v o & 737
N 2 363
SOLVE . & . o e e e e e e e e e 334
5.10 Primary Overlay (10,0) Field Length (Octal)
STBPRN . . . . ¢ ¢ ¢ ¢ o o 4 e . 150
STPR v v v e vt e e i e e e e 1,517

STPRO . . . . v v o v v v v e .. 1,1

21
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5.1

There is only one subprogram in this overlay namely TEA270D, which

is described be]dw.

SUBJECT:

PURPOSE :

METH@D :

USAGE :

SUBPRPGRAMS :

F@RTRAN IV program TEA270D

To control the calling of primary overlays and provide

communication among them.

TEA270D calls the primary overlays. It contains a set
of labeled common statements which contain information
which is always in core and is available to all primary

overlays.

PROGRAM TEA270D (INPUT = 1002, @UTPUT, TAPE5S = INPUT,
TAPE6 = PUTPUT, TAPET = 1002, TAPE2, TAPE3, TAPE4,
TAPE7, TAPE10)

Input; TAPE1l = file on which geometry data for
input contour is stored
TAPE2, TAPE3, TAPE4, TAPE7 = scrateh files

TAPE10 = file used to save data for a restart.

TIMER

22



SUBJECT;

PURPOSE :

METHOD:

SUBPROGRAMS :

FORTRAN IV subroutine ALL

To compact the computation performed by subroutines

PASCAN, XYCPRS, and NRMCUR into one call statement.
See description of subroutines PPSCON, XYCORS, NRMCUR.

P@SCON
XYCPRS

. NRMCUR

23



SUBJECT: FORTRAN IV subroutine CUBARC

PURPOSE : To compute the arc lehgth of a cubic.
_ 2 3 - =
y = C] X+ C2 X= + cax from X = A to X =B
METHOD: The arc length is computed by supplying the numerical
integrator GENDRE with the integrand
SQRT (1 + (C1 + 2c,x + 3¢x2)?)
SUBPROGRAMS CALLED:
DSBYDX
GENDRE
USAGE : CALL CUBARC (A,B,C1,C2,C3,EPS, ARC)
Input
A = Tower 1imit of integration
B = upper 1imit of integration
Cl, C2, C3 = coefficients of cubic
EPS = absolute tolerance arc length must meet
Qutput
ARC = the arc length from A to B of the given cubic
ERROR RETURNS: If the tolerance is not met, the parameter

list is printed out, but processing continues.

24



SUBJECT:

PURPOSE

METHOD:

USAGE:

FORTRAN IV subroutine DSBYDX

Finds ds/dx for cubic y = C,+ Gy X2+ Cy X°

ds/dx = SQRT (1" + (C3 +2C, X + 3¢ x2)2)
CALL DSBYDX (X, FX)

Input X = value at which ds/dx is required

Qutput FX = dsfdx at X

25



SUBJECT:

PURPOSE:

METHOD:

USAGE :

ERRAR RETURNS:

FORTRAN IV subroutine ENDFL.

To write an end of file mark and keep track of

the present file position on the system file.

An end of file mark is written on system file
IPUNIT and the file position index I@FP is in-

creased by one,

CALL ENDFL (I@FP, I@UNIT)

Input IpFP =  file position before ENDFL
is called.
IPUNIT = system file which is being

operated on.

Qutput IBFP file position after ENDFL

is called.

If I@FP is not a positive integer, an error message

is written and exit called.

26



SUBJECT:

PURPOSE :

METHOD:

USAGE :

SUBPROGRAMS :

ERROR RETURNS:

FORTRAN IV subroutine GENDRE

To evaluate an integral numerically using Gauss-Legendre

quadrature,

The integral over the whole range I1 and the integrals
over the uppef and Tower half ranges (I2, I3) are
computed using an 8 pofnt Gauss-Legendre quadrature.

If (11-12-13) exceeds a giveh tolerance, the procedure
is repeated with the 16 point formula. If the tclerance

is still not satisfied, the error flag is set.

CALL GENDRE (AUX, A, B, CANTR, KBDE, FINTL, IRR@R)
Input AUX = name of auxiliary subroutine to evaluate
the function at the required points.
A = lower limit of integral
B = upper 1imit of integral
CONTR = tolerance to which integral is evaluated
KODE = 0 if tolerance is absolute
= 1 if tolerance is relative

Qutput FINTL

value of integral

IRRPR

error code. See error returns.

AUX (X, FX) returns function value FX at X

IRRER = 1 1if tolerance not met

0 if tolerance is met

27



SUBJECT:

PURPOSE :

METHOD:

USAGE :

FORTRAN IV subroutine GENMSK

To generate bit patterns which are needed in

overlay (5,0).

The arrays MSK and MSKRGT each of length sixty are
generated in this subroutine. MSK (I) has one in

bit position I, zero elsewhere. MSKRGI (I) has one

in bit positions up to and including I, zero elsewhere.

CALL GENMSK

28
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SUBJECT:

PURPOSE :

METHOD:

USAGE:

FBRTRAN IV function MAPCHK

To check if a particular bit in a given word has the

value 0 or 1.

This is achieved by using the masks MSK (I) which

are generated in subroutine GENMSK.
FUNCTI@N MAPCHK (MAP, KW, NX, J, I)

Input MAP is an array dimensioned MAP(KW,NX).
It may be regarded as consisting of NX columns
of bits, each column containing 60*KW bits.

h th column is zero

Output If the J*M bit of the I
MAPCHK is set to zero, otherwise it is non-

Zero.

29



SUBJECT: FERTRAN 1Y subroutine NLCSP

PURPOSE : To curve fit a set of points with a curve which is
continuous in slope and curvature. This curve consists

of a chain of cubics with respect to local axis.

METHOD: Either the slope or the curvature at each of the two
end points must be specified. The slope at each
intermediate point is approximated by passing a circle
through three adjacent points, With this slope estimate,
the cubic in each segment is uniquely determined. As
the cubics in general will not match in curvature at
their end points, the slopes are perturbed using a
Newton~Raphson type process to minimize the discrepancy in
curvatures at the intermediate points until a specified

tolerance is satisfied.

USAGE: CALL NLCSP (X, Y, N, N1, SS1, N2, SS2, T@L, D, CS,
SN, A1, A2, A3, A4, A5)
Input X

array of X coordinates of points
Y = array of Y coordinates of points
N = number of points
N1 = 0 of slope specified at first point
= 1 if curvature specified at first point
N2 = 0 if slope specified at last point
= 1 if curvature specified at last point

If Nl

0, SS1 = angle in radians made by tangent at

first point with the. reference axis

1 SS1 = curvature at first point

30



If N2

oL

A4,
Qutput

[w)
u

Cs

SN

Al,

ERROR RETURNS:

RESTRICTIONS:

0, SS2 = angle in radians made by tangent at

Tast point with the reference axis

1,552 = curvature at last point

tolerance to which curvatures should match at
intermediate points

A5 scratch arrays of length N

array of distances between points

array of cosines of angles made by the line segments
joining the points, and the X axis

array of sines of angles made by the line segments
joining the points,and the X axis

A2, A3 arrays of the coefficients of x,.x2 and

3

X of the local cubics

If the curvature discrepancy tolerance is not met
within (20 + N/2) iterations, exit is called after

diagnostic printout.

The angle between two adjacent Tine segments must

not exceed thirty degrees approximately.

31



SUBJECT: . FPRTRAN IV subroutine NRMCUR
PURPOSE: To compute the normail direction and the curvature

of a cubic at a point. The direction cosines of the

normal are then transformed to principal axes.

32



SUBJECT:

PURPOSE:

METHOD:

USAGE:

FPRTRAN 1Y subroutine PPSCEN

To find the position of a point on a contour; given

its arc length from the contour starting point.

Since the arc length of each contour point is known, it
can easily be determined between which two contour points

the given point lies.

CALL PPSCON (N, S, ARC, J, SS, S1, S2, SGN)
Input N = number of points on the contour
S = array of arc lengths of the input contour points

ARC

arc length of required point
Qutput J  the required point lies between input
contour pointsJ and(J + 1)

SS = arc distance of required point from contour

point J

S1 = fractional arc distance of required point
from point J

S2 = fractional arc distance of required point

from point (J + 1)
SGN = +1 if required point is on contour
= -1 1if required point is on reflected half

of contour

33



SUBJECT; FPRTRAN IV subroutine PPSITN

PURPOSE : To position the pointer on a given system file at a given

Togical file,

METHOD: After determining the quickest way to get to the desired
position, forward space file (FSF), backspace file (BSF)

and REWIND are used to get there.

USAGE : CALL P@SITN (IFIL1, IFIL2, I@UNIT, IND)

Input IFILY = logical file in which system file is

positioned

IFIL2 = logical file at the start of which pointer
is to be positioned

IBUNIT = system file to be operated on

IND = is a reference number to identify the
call if it is a failure. Also if IND is
positive the use of BSF is suppressed.
ERROR RETURNS: If the positioning cannot be achieved, the

parameter list is printed out and exit called.

RESTRICTIONS: IFIL2 must be greater than zero.

34



SUBJECT:
PURPOSE:

METHOD:

USAGE :

SUBPROGRAMS : -

FPRTRAN IV subroutine TIMER

Determines the CP time since program load.

The CP time is obtained by calling the system routine

SEC@ND.

CALL TIMER (TMR, TIMA, TIMB, TIM)

Input
TMR =1 for CP time
TIMA = Input CP reference time in secs
Output -
TIMB = elapsed CP time in seconds since load
TIM = elapsed CP time since TIMA
SEC@ND

35



SUBJECT; FPRTRAN IV subroutine XYCPRS

PURPOSE: To compute the position of a point on a cubic

corresponding to a given arc length.

METHOD; Given the cubic YL = C1* XL + C2% XL**2 + C3*.XL**3
in the range (XP, XQ) it is required
to find XLPUT such that S(XL@AUT) = ARCIN where S{XL)
is the arc length of the curve from XP to XL. The
subroutine CUBARC is used to compute S(XL) and XLQUT

is computed by the method of false position.

USAGE: CALL XYC@RS (XP, XQ, C1, X2, C3, IND, T@LS, T@LX, ARCIN,
XLPUT, XP, Y@, CS, SN, XREF, YREF)

YRE
»
Y\ *& v
E
ox e “
=4
Yo
45 >l -» XREF
X
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Input

Xp

XQ
c1,

IND

TOLS

TOLX

Qutput

X9

Yo

CS

SN

XLQUT

XREF

YREF

1

starting point of range of cubic in

local axes XP

end point of range of cubic in local axes
C2, C3 = coefficients of cubic

YL = CT* XL + C2* XL**2 + C3* XL**3
where XL, YL are in Tocal axes
:If IND=1, the arc length from XP to XLQAUT
is equal to ARCIN

If IND=2, the arc length from XLAUT to XQ
is equal to ARCIN
TPLS *(XQ - XP) is the tolerance to which
an arc length is computed by CUBARC
TOLX *(XQ - XP) is the tolerance to which
XLPQUT is computed

X coordinate of starting point of cubic in
reference axes

Y coordinate of starting point of cubic in
reference axes

CASINE (@)

SIN (@)

local X coordinate of required point E for
which S(XL@UT) = ARCIN if IND = 1 or
S{XQ) - S(XLAUT) = ARCIN if IND = 2

X coordinate of point C with respect to

reference axes

Y coordinate of point C with respect to .

reference axes
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5.2

Primaty Overlay (1,0)

Tasks which need tg be done once only at the start of a program run
are performed in this overlay. The program in the overlay is INIT
which does some of the chores itself and the rest by calling

subroutine CHECK, BPDGPM and START1 or START2.
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SUBJECT:
PURPOSE :

METHOD:

USAGE :

SUBPROGRAMS :

F@RTRAN IV program INIT
To initialise a program run,

Initialisation tasks are performed in INIT. Data are read

in and printed out, Much used constants are computed once and
for all. System files are initialised. CHECK is called to
ensure that the work area provided is sufficient. BPDGPM

is ;a]]ed to set up configuration geometry data on file ICT.

START1 or STARTZ is called to begin the computations.
PRPGRAM INIT

CHECK

BADGAM
START1
START2
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SUBJECT:

PURPOSE:

METHOD:

USAGE :

ERROR RETURNS:

FPRTRAN IV subroutine CHECK

Checks that the work area is sufficient to process the

current case.

The minimum size of the work area needed and the manner
in which jt is cut up is a function of NCTMX, NBTMX, NX,
NY, KX and KY.

NCTMX = maximum number of points defining a contour

NBTMX = maximum number of ‘between' points

NX = the number of vertical mesh Tines

NY = the number of horizontal mesh Tines

KX = maximum number of intersections of a vertical mesh
Tine with a contour

KY = maximum number of intersections of a horizontal

mesh 1ine with a contour

The state variables for all the mesh points for the entire
flow field cannot fit in core simultaneously. Therefore,
the flow field is divided into subareas or equivalently

the flow field mesh points are partitioned into blocks

A print out of the work area used by the various subroutines

is produced so that the critical subroutines can be spotted.
CALL CHECK

If the work area is too small to run the current case, a

message is written and exit called,
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SUBJECT:

PURPOSE:

METHOD:

FGRTRAN IV subroutine CONES@L

To compute the initial flow field using the tangent

cone method.

The flow field properties around a cone of given semi-
angle and zero angle of attack are read in by the sub-
routine. From these data W1, W2, W3, W4 are computed
at equidestant points between the body and the shock
wave. They are saved for use in subroutine STPRQ,
where values of W1, W2, W3, W4 are computed at any
arbitrary point by interpolation. The initial cross-

cut contour must be circular.
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SUBJECT: FORTRAN IV subroutine TANWEDG
PURPOSE : To compute the initial flow field for a flat delta

wing using the tangent wedge method. The leading

edges must be supersonic.
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SUBJECT:

" PURPOSE :

METHOD:

FORTRAN IV subroutine PATCH.
To patch in a solution in the neighborhood of the
1eading edge of a_sharp-edged wing. The edge must

be supersonic.

The solution that is used is the exact solution for

the flow over a wedge in supersonic flow.
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SUBJECT:

PURPOSE :

METHOD:

USAGE :

ERROR RETURNS:

 FRTRAN 1V subroutine SETICT

To position the geometry file ICT pointer at the appropriate

 geometry file.

The geometry files are successively scanned until the file
is found. which defines the configuration between T1 and 72;

where T1 £ T & T2, T being the input argument.

CALL SETICT(T)

Input: T the input axial position.

If the required position T is not in the interval defined
by the geometry files, an: error message is printed out and

exit called.
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SUBJECT: FPRTRAN IV subroutine START]

PURPOSE : Initialises when a configuration analysis is starting from
scratch.
METHOD: A card is read in giving the axial distance at which

integration is to commence. The geometry file ICT is then
positioned at the appropriate logical file position. The

save tape ISV is initialised.
USAGE: CALL STARTI

SUBPROGRAMS : ENDFL
SETICT
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SUBJECT: FPRTRAN IV subroutine START2
PURPOSE: " -. - -Restarts the computation from data saved.on a preyious run,

” ‘nETﬂODzij ~ The data saved on tébé ISV is tranéferred to scratch files

ID2 and IL1 in prepration for the restart,

. SUBPROGRAMS: ENDFL
PASITN
SETICT

46



SUBJECT: FPRTRAN IV subroutine BEDGEM

PURPOSE : To process the geometry data input cards and produce a set
of configuration cross-cut contours. Data corresponding to
these contours are saved in a standard format on the geometry

file ICT.

METHOD: There are several source decks available, all of them called
BADGPM. Each of these decks has a functional name such as
CONB@D bR SLBOEL and generates cross cut contours in the
standard format for the special body under consideration i.e.,
conical body or slab delta wing in the above cases. REDB@D
is a version of BﬂDGQM.which will read in arbritrary cross-
cut contours from cards. The BPDGPMs are described in
Section 7.4 of Part I of this report. They are:

CONB@D
ELLB@D

SLBDEL

SLBDEL APPR@X
C@NE SLBDEL
REDB@D

The standard format for saving geometry data on system file

ICT is now described.

th th )th

The i*" file lies between the i~ and (i+i end of file
mark. The ith file contains information needed to generate
contours between T(j) and T(i+i). Each file contains three

records.

47



Record 1 has five words IFP, T1, T2, N, M

Record 2 contains arrays X1, Y1, X2, Y2, XD1, YD1, XD2, YD2
NPTA, NA, A1, A2, NPTB, NB, B1, B2. The first eight arrays
are of length N, the last eight of length M,

Record 3 consists of an array S of length N

IFP = file number

T1, T2 = interval end points

N = number of points defining contour

M = number of curve segments defining the contour,

Each segment -has continuous slope and curvature and

consists of a chain of cubic splines.

X1 = X coordinates of points defining contour at T1

Y1 = Y coordinates of points defining contour at T1

X2 = X coordinates of points on contour at T2 which
correspond: with points on T1

Y2 = Y coordinates of points on contour at T2 which
correspond with points on T1

XD1 = first derivative in X direction of contour points
at Tl

YD1 = first derivative in Y direction of conteur points
at Tl

XD2 = second derivative in X direction of contour points
at Ti

YD2 = second derivative in Y direction of contour points

| at Ti

NPTA - NPTA(M) is the contour point number of the starting
point of the Mt curve segment.,

NA . If NA(M) = 1; the starting point of the M curve

segment has specified slope, If its va]ug is 2:,
48



Al

A2
NPTB

NB

B1

B2

curvature is specified. ..

If NA(M) =1; AT(M) ié.thelgngle in radians made

by the tangent at the startipghpoint of the Mth curve
segment of the contour at I],wi;h the X reference axis.
If_NA(M) = 2; it i§,the cunyaﬁyre at the starting
point.

The same as Al, but for the contour at T2.

NPTB(M) is the contour poiht“ﬁﬁhber of the end point

h

of the M curve ‘segment.

If NB(M) = 1; the ‘end point of the M curve segment

‘has specified slope. If its value is 2; curvature

is specified.

If NB(M) = 1; B1(M) is the angle in radians made by
the tangent at the.end point of the Mth curve segment
of the contour at T2 with the X reference axis.

If NB(M) = 2: it is the curvature at the end point.

The same as B1, but for the contour at T2.
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SUBJECT;

PURPOSE:

METHOD:

F@RTRAN 1V subroutines BGAUX1, BGAUX2, BGAUX3, BGAUX4,
BGAUXS:

To assist BPDGEM in setting out the geometry data.

These are dummy subroutines in the program file. The user
has to use these subroutine names if he requires auxiliary

subroutines to set up the configuration geometry.
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5.3

* Primary Oyerlay (2,0)

In this overlay the initialisation that needs to be done at the start
of a new integration step is performed; Most of the work is done in

the program of the overlay namely RESET. DELTAT is called to compute
the integration time §tep and subroutine SAVE is used to save the

flow field information needed for a restart.
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SUBJECT:

PURPOSE ;

METHOD:

USAGE:

SUBPROGRAMS :’

FPRTRAN IV program RESET

-.To initial{se the computations at the start of an

integration time step.

Debug and print switches are set. Information is saved on

TAPE1O if required.

The program is stopped and the reason

for exit printed out.

Program RESET

DELTAT
SAVE
TIMER
ENDFL
PASITN
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SUBJECT:
PURPOSE::

METHOD:

USAGE:

FORTRAN IV subroutine DELTAT
To compute the size of the next integration time step.

Let DT(P) = DXYSN

2*(atw)
where
DXYSN = AMINI (DX, DY, DS, DN)
a = speed of sound at point P
W = fluid speed at point P

Then DT = the minimum value of DT(P), where P ranges

over all grid and boundary points.

The minimum value of DT(P) for the boundary points is
DTBND, for the grid points is DT@UT, and for the free
stream points is DTFRST. They have already been computed
in other subprograms. DT is taken as the minimum of these
three quantities. But of (T+DT) overshoots the upper
limit T2 for the present geometry file, DT is sét at
(T2-T).

Call DELTAT
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SUBJECT:
PURPOSE :

METHOD:

USAGE:

SUBPROGRAMS :

FPRTRAN IV subroutine SAVE
To save on TAPE10 information needed to restart the program.

Flow field and geometry data are transferred from scratch

- files ID2 and IL1 to save file ISV to provide for a

restart.

CALL SAVE (s, Y, D, CS, SN, C1, C2, €3, S, XD, YD, XDD, YDD,
WC, IX, VX, IY, VY, NSX, NSY, MAPBNW, Wi, W2, W3, W4, NPTA,
NC, NX, NY, KX, KY, KW, NCURV)

The arguments up to NPTA are the arrays that are saved.

The arguments from NC onward are the dimensions for these

arrays.

PASITN
ENDFL
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5.4 .

Primary Overlay (3,0)

In this overlay the boundary points are updated using a conservative

finite difference scheme based on the Lax-Wendroff method.'fThe"

program in the overlay namely BNDRY calls six principal subroutines

to execute the computation BNDGPM, BNDINT, BNDRED, BND1, BNDWRI.

BNDG@M
BNDINT

BNDRED
BND1
BNDWRI

concerns itself with geometry prob]eﬁs‘

interpolates for state variable values. at boundary mesh. .

‘points

brings together data for BND1
subroutine in which the update scheme is impiemented

controls printout of boundary point data
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SUBJECT: FORTRAN 1V program BNDRY

PURPOSE : To control the flow within primary overlay (3.0)

METHOD: It partitions the work array A for the principal subroutines
of the overlay,-and calls these subroutines to execute the
task of updating boundéry points.

USAGE: Program BNDRY
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SUBJECT:
PURPOSE:

METHOD:

FBRTRAN IV subroutine BNDGOM

To compute geometric data required in this overlay.

The above figure shows the nine point grid associated with

the boundary point being updated, namely point 2. The tasks

performed in this subroutine are:

(a) The coordinates of points 1 and 3 are computed such that
they are on the contour at an arc distance DS from 2.
The values of W at points 1 and 3 are computed by
interpolation between the values of W at the contour points.

(b) Normals to the contour at points 1, 2, 3 are erected and
the coordinates of points 4, 5, 6, 7, 8, 9 are found.

(c) The W values, the cosine and sine of the normals and

the curvature at points 1, 2, 3 are saved on disc.
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. USAGE:

SUBPROGRAMS::

ERROR RETURNS:

(d) The coordinates. of points 4,5,6,7,8,9 are saved on disc
for subroutine BNDINT which will compute the W values at

these points by interpolation.

- (e) If any of the boundary grid points are to the left of

the line of symmetry they are reflected across the line

of symmetry.

The above operations are done for each of the NC contour points.

CALL B@ADGPM (A(N1), A(N2),........ A(N17), NP)

Input A(NI) = the addresses of storage areas used by
the subroutine

NP a variable dimension used by the subroutine to

dimension the arrays

P@SITN

ALL

NRMCUR

ENDFL

A check is made on the number of boundary grid points. If

incorrect, an error message is printed and exit called.
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SUBJECT:
PURPOSE :

METHOD:

FORTRAN IV subroutine BNDINT

To compute W at points 4,5,6,7,8,9 of the nine point

boundary grid.

(a)

(b)

(c)

(d)

The W va]qes for a -block of grid points are read in
from disc file IL1.

The coordinates of boundary grid points which érein the
area covered by this block are read in one at a time
from disc file 1D2. | _

If the point is surrounded by four regular mesh points,

bilinear interpolation is performed as shown below.

wb wc
w
& by

? l

WA —p e — we
Set X1 = x/DX
Y1 = y/Dy
X2 =1 -X1
Y2 = 1-Y1

Then WG = (XT*Y1)*WA + (X2*Y1)*WB + (X2*Y2)*WC + (X1*Y2)*WD
If the configuration contour intersects the rectangular
grid surrounding the point, then PPL3 is used to

estimate the value of WG. The method is described in

PPL3.
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USAGE:

SUBPROGRAMS :

ERROR RETURNS:

(e) The interpolated values are saved in array WCP.for
use in the update subroutine BNDI.

CALL BNDINT (A(N1),........A(NI1), MMT,NP,KX,NX,KY,NY)

Input A(NI) = the addresses of storage areas used in the

subroutine,

MMI, NP, KX, NX, KY, NY = variable dimensions used in BNDINT

PPSITN
ENDFL
POL3

If an error occurs, diagnostic print out is produced and

the program exits.
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SUBJECT: -
PURPOSE :

METHOD:

- USAGE:

SUBPROGRAMS :

FORTRAN IV subroutine BNDRED

To get together in core the data required to update the
contour boundary points. ' R
The required geometry and flow field data are read in from

disc files.

" CALL BNDRED (A(N1), ...... A(N8), NP) -

Input A(NI) = addresses of storage areas “SQQ_P¥;§h9J~
subroutine | o
NP = a variable dimension used in the subroutine to
dimension various arrays in BNDRED.
P@SITN
ENDFL
PAL3
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SUBJECT: FPRTRAN IV subroutine BNDI]

PURPOSE: -To update the flow field values on the boundary using a
conservative finite difference scheme.

METHOD: The method is described in Section 7.i of Part I of the
document. BNDI imb]ements these finite difference equations
for the contour boundary points updating them one at a time.
When BNDISC = 1., those contour boundary points which have
discontinuities in slope or curvature are not updated by
the method but by interpolation between adjacent points.

USAGE: CALL BND1 (A(N1), ..... A(N12), NP, M)

Input  A(NI)

L]

addresses of storage areas used by the
subroutine

NP, M = variable dimensions used in the subroutine

to dimension various arrays in BNDI1.
SUBPROGRAMS : PASITN
BWTQW
WFGH
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1.{&%-"

SUBJECT:
PURPOSE:
METHOD :

USAGE :

SUBPROGRAMS :

FARTRAN IV subroutine BNDWRI

To print out the state variables on the contour boundary.
Pressure, temperaturé and local Mach number are computed.
The state variables are printed out.

CALL BNDWRI (A(NI), ..... "A(N14), NP)

Input A(NI) = addresses of storage areas used by the
subroutine

NP variable dimension used in the subroutine

to dimension various arrays in BNDWRI
P@SITN
ENDFL
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SUBJECT: ° * -7 FPRTRAN IV subroutine PPL3 ~°
PURPOSE : To interpolate- for the value of W at a point near the
boundary contour:

METHOD:

PQ = SR = dx

PS = QR

]
n

dy

" The value of W is known at the grid intersections Q, R, S
and at E, F, the intersections of the grid lines with the

contour. The point P is inside the contour.

Estimated values of W are obtained for point A by linear
interpolation between Q@ and R, point B by linear interpolation
between R and S, point C by linear interpolation between S and E,

point D by linear interpolation between Q and F.

Then WG is taken as the mean of the linearly interpolated

values between B and D,and A and C.
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USAGE:

CALL PPL3 (WQ, WR, WS, IX, ZY, WH, WV, ZH, ZV, ANS)

Input WQ
WR
WS
X
Y
WH
Wy
ZH
Zv

Output WANS

value
value
value
CG/dx
DG/dy
value
value
PF/dx
PE/dy

value

65
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SUBJECT :
PURPOSE :

'METHOD:

FORTRAN IV subroutine WFGH
To transform W from Cartesian axes to body axis system

and compute the:.vectors F, G, H.

A mere implementation of algebraic formulas for W,F,G,H

in Section 7.1 of Part I.
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SUBJECT:
PURPOSE :

METHOD:

FARTRAN IV subroutine BWT@W

Given W in moving body coordinates, to compute the
corresponding values of W in the Cartesian frame.

A mere implementation of transformation equations

in Section 7.1 of Part I. -
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8.5

Primary Overlay (33.0) .

In this overlay the boundary points are updated using a quasi-one-

dimensional method of characteristics. The program in the overlay

namely BNDRC calls six principal subroutines to execute the computation:

BNCG@AC, BNDINC, BNDREC, BND3, BNDWRC

BNDG@C
BNDINC

BNDREC
BND3
BNDWRC

concerns itself with geometry problems

interpolates for state variable values at boundary mesh
points

brings together data for BND3

implements the method of characteristics

controls printout of boundary point data
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SUBJECT:
PURPOSE:
METHOD:

USAGE :

FORTRAN IV program BNDRC

To control the flow within primary overlay (33,0)

It partitions the work array A for the principal subroutines
to execute the task of updating boundary points.

Program BNDRC
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SUBJECT: FARTRAN IV subroutine BNDG@C
PURPOSE: To compute geometric data required in this overlay..
METHQD: : " The rest of this subroutine description is identical to

that of BNDG@M -
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SUBJECT : 'F@RTRAN IV subroutine BNDINC

PURPOSE : To compute W at the boundary grid points.
METHOD: The description of the. subroutine. is identical with that
of BNDINT.
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SUBJECT: FORTRAN IV subroutine BNDREC

PURPOSE : To assemble in cbrg the data required to update the contour

boundary points.

METHOD: The descrfption of this subroutine is identical with that

of BNDRED .
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SUBJECT:
PURPOSE :

METHOD:

USAGE :

SUBPROGRAMS :

FARTRAN IV subroutine BND3

To update the flow field values on the boundary using the

method of characteristics.

The methad is.described in Section 7.2 of Part I of éhfs

document. BND3 implements these finite difference equations

for the contour boundary points, updating them one at a time.

When BNDISC = 1., these contour bgundary poiﬁts which have

discontinuities in slgpe or curvature are not updated by the

method but by interpolation between adjacent points.

CALL BND3 (A(N1), ..... A(N12), NP, M)

Input A(NI) = addresses of storage areas used by the
subroutines

NP, M = variable dimensions used in the subroutine

to dimension various arrays in BND1.

P@SITN

SMALRT

STATE
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SUBJECT :
PURPOSE :
METHOD:

USAGE:

SUBPROGRAMS :

FRTRAN IV subroutine BNDWRC

To_pfint out the State variables on the contour boundary.
Pressure, temperature and local Mach number are computed.
The state variables are printed out.

CALL BNDWRC (A(N1), ..... A(N13), NP)

Input A(NI) = addresses of storage areas used by the

subroutine

NP variable dimensions used in the subroutine
to dimension various arrays in BNDWRI
P@SITN

ENDFL
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SUBJECT :
PURPOSE :

METHOD;

F@RTRAN IV subroutine PPLC
To interpolate for the value of W at a point near the
boundary contour.

See description of P@L3.
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SUBJECT: F@RTRAN IV subroutine STATE: ="
PURPOSE: -~ . °~ To convert Cartésian values of W to:local coordinate values
and then compute pressure, speed of sound and éntropy. .

PR SRR L. the T . e N TS [ vl . A
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SUBJECT:
PURPOSE :

METHOD:

USAGE :

ERROR RETURNS :

FPRTRAN IV subroytine SMALRT
To compute the smallest positive root of a quadratic
A*Z*Z + BB*Z + C = Q

To eliminate cancellation errors the two roots are

- computed as

X1 =D0/A X2 =C/0D

where

DD = -B - SIGN (1.,B) * SQRT(DEL)

DEL = B*B = A*C

B = .5*BB

CALL SMALRT (C, BB, A, X)

Input C4BB,A = coefficients of quadratic
Output X smallest positive root if any

If the roots are imaginary or there is np positive root,

diagnostic print out is produced and exit called.
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5.6

Primary Overlay (4,0)

In this overlay the cross-cut contour at the new time step is computed.
It is generated by interpolation between two consecutive contours

on the geometry tape. " FINDCT is the overlay program. NEWCT1 is the
subroutine called to do the interpolation, but when a new geometry

file is needed, NEWCT2 is called.
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SUBJECT: FPRTRAN IV program FINDCT

PURPOSE : To partition work ar_réy A.

METHOD: After array A has been cut up, the new contour is computed
' by calling NEWCT1 or NEWCT2.

USAGE: Program FINDCT
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SUBJECT: FPRTRAN IV subroutine NEWCT]

PURPOSE : To interpolate for the cross-cut contour at time T

METHOD: (a) The coordinates of the cross-cut contours at T1 and T2
together wifh their velocities and accelerations are
read in from the geometry file ICT.

(b) The X-position of contour point I at time T is found

by the formula
X = XT + VI*(T-T1) + .5*A1*(T-T1)**2

where X = position of contour point I at time T

X1 = position of contour point I at time TIl
V1 = velocity of contour point I at time T1
Al = acceleration of contour point I at time T1

(c) The slope or curvature conditions at the end of the
cubic spline segments are obtained by interpolation.
(d) Non-linear cubic splines are fitted to each curve
segment.
(e) A1l these data for the contour at time T are saved
in disc file ID2.
USAGE : CALL NEWCT1 (A(N1), ..... A(N30), N, M)
Input A(NI) = the addresses of storage areas used by
the subroutine
N, M available dimensions used by the subroutines
to dimension the arrays.
SUBPROGRAMS : P@SITN
NRMCUR
NLCSP
ENDFL
CUBARC
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SUBJECT:
PURPOSE :

METHOD:

USAGE :
SUBPROGRAMS :

F@RTRAN IV subroutine NEWCT2

To compute cross cut contour data at a value of T which is
the starting point of a new geometry data file.

The method is the same as in NEWCT1, except that no inter-
polation needs to be done-since T coincides with T], the

starting point of a geometry data file.

But as T is the end of a geometry data file as well as the
starting point of a new file the number of points on the two
identical contours at T may be different. Therefore, the
value of W at the new contour points is computed by inter-
polation between the old contour points at T.

See NEWCT1

NLCSP

ENDFL

CUBARC

P@SITN
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5.7

Primary Overlay (5,0)

In this overlay the intersections of the grid lines with the contour
are found in subroutine INTCN. Using this information, maps of
inside,' between' and Lax-Wendroff points are produced in subroutine

MAPIT. The coordinating program in the overlay is MAPS.
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SUBJECT: FARTRAN IV subroutine MAPS
PURPOSE: To direct work in this overlay.
METHOD: Partitions work array A, calls principal subroutines

INTCON and MAPIT,and times the overlay.
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SUBJECT:
. PURPOSE:
METHOD:

SUBPROGRAMS :

FRTRAN IV subroutine INTCRN

To find 1ni:érse¢tion of the grid lines with the contour.

The cubit curves which éombr'ise the coritour are tonsidered
one at a time and their inteisections with the NX vertical
grid lines are found and gaved in array VX. The interséctions
with the NY horizontal grid 1ines are saved in array VY.
PASITN

ENDFL

INTCUB
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SUBJECT: FARTRAN IV subroutine INTCUB
PURPOSE: - . To find the intersectjon of a grid line with a cubic
-defining. the contour between two contour points.
- METHOD: . . - The cubic .equation is set up and the.polynomial equation
. : , . solver RPPT3.is called. ... . - =~ -y,
USAGE : ..  CALL-INTcus (II, X@, ¥@,.D, CS, .SN,-Ct, C2, C3, SS, A,
B, C, TLCF, TALS, NR, XR, YR, NS} .-

YREF
4
nAd -
IF +)
cusalic
Ix
- KREF
Input II cubic segment extends from contour point II
to (II + 1)

X3, Y@ reference coordinates of contour point II
D chord distance from point II to (II + 1)
CS, SN cosine, sine of angle made by XL with XREF

Cl, C2, C3 coefficients of cubic YL=CI1*XL+C2*XL**2+C3*XL**3
SS arc length of cubic from II to (II +1)
A, B, C AX+BY+C = 0 is straight line in reference axes
TALCF tolerance used to suppress small coefficients

of the cubic

ToLS tolerance to which an arc length must be computed
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NR
XR, YR

NS

number of intersections of cubic with given line
arrays of length 3. They contain in reference axes
the coordinates of NR intersection points.

is an array of length three. Each cell contains the
information about the position of the intersection

in the cross cut contour.
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SUBJECT:
PURPOSE:

METHQD:

FPRTRAN. 1V subroutine MAPIT

To tag each grid point so that it can be identified as
an outside point, or a 'betwéen' point or a Lax-Wendroff.
point.

Introduction:

These are NX*NY grid intersectioh points. Let KW =

1 + (NY-1)/60. Consider the array MAP(KW, NX). This
doubly dimensioned Fortran array may be regarded as a
two dimensional array of bits, NX columns of 60*KW bits
each. The first NY bits of the Ith column are assumed

to correspond to the NY grid points in the Ith column.

Let a bit be assigned the value 1 if the corresponding
grid point lies cutside the contour and zero if it Ties
insidé. Then we say that we have a map of outside points.
In a similar way a map of Lax-Wendroff points is obtained

if thé bits corresponding to Lax-Wendroff points are set
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to 1, the other bits being set to zero. The same method
is applied to ibetwgen' points. Thus we have a compact
means of storing information about the grid.
(a) Using the contour grid intersection information,
MAPPUT is generated. It is a map of the outside points
for the present time step.

(b)

A map of possible between points for the next time

step (MAPBNW) is now generated. The bit corresponding
to @ grid point is set to unity if the contour
intersects any of the sides of the four grid rectangles

centered on the grid point

(c) The map (MAPBPL) of possible 'between' points for the
previous time step is read in from disc. The map of
between points (MAPBET) is the logical intersection of MAPBAL
and MAPQUT.

(d) The map (MAPLXW) of Lax-Wendroff points is then produced.
Those points which are not between points and lie

outside the contour are Lax-Wendroff points.

88



(e) A list LISTB of between points is generated.

(f)

LISTB(NBT) ‘= 10000*I+J, when between point number NBT
is the intersection of the Ith vertical grid line and
the Jth horizontal grid line.

MAPQUT, MARBET, MAPLXW, and LISTB are saved on disc

for use in subsequent overlays.
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SUBJECT:

PURPOSE :

METHOD:

USAGE :

ERROR RETURNS

FORTRAN IV subroutine RPPT3
To find the roots of a polynomial of degree less than or
equal to 3. -
Uses the Newton-Bairstow method. See for example Ellen-
berger, K. W.,"On Programming the Numerical Solution of
of Polynomial Equations" CACM, Vol. 3, No. 12, 1960, p. 644.
CALL R@PT3 (N, A, U, V, CONV)
Input N degree of polynomial to be solved. N< 3
A one dimensional array of polynomial coefficients,
A(1) being the coefficient of x°. A must be
of dimension N+1.
Qutput U one dimensional array of real part of roots;
dimension N
) one dimensional array of imaginary part of
roots; dimension N
CONV Final tolerance if solved,or error code.
Error condition CANV = -1. returned if A(N+1) = 0.
Error condition CBNV = -2. returned if tolerance E equals
machine infinity.
Success condition CANV = 0. indicating final tolerance used

for convergence test.
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5.8

Primary Overlay (6,0)

In this overlay the core of the computation is done. Most of the

field points are updated using the Lax-Wendroff finite difference

“technique. The overlay program is LAXWDF. The principal subroutine

is LXWN.
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SUBJECT: FORTRAN 'IV program LAXWDF
PURPOSE : To partition the work array A for the principle subroutine

LXWN and time the overlay.
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SUBJECT : FPRTRAN IV subroutine LXWN

PURPOSE: To implement the Lax-Wendroff finite difference method.

METHOD: The equations for the Lax-Wendroff method are described
in 3.2.2 of Part I.

The procedure may be broken up into the following steps.

(a) MAPLXW is read in from disc so that any grid point
(I, J) can be checked to see if it is a Lax-Wendroff
point and needs to be updated.

(b) The values of W at the previous time step are brought
into core from disc file IL1 one block at a time. The
Lax-Wendroff points in the block are updated.

(c) The computations are organized so that there is no
unnecessary recomputation. Each updated block is
saved on disc file IL2.

USAGE : CALL LXWN (A(N1), ..... A(NI4), MM3, ...... NY)
Input  A(NI) the addresses of storage areas used by
the subroutine
MM3 .. NY variable dimensions used in LXWN to
dimension the arrays
SUBPROGRAMS : P@SITN

MAPCHK

ENDFL

FF

- FG

GG
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SUBJECT : F@RTRAN IV subroutines FF, GG, FG
PURPOSE : : These subroutines compute the vecters f only, g only,
and both f and g from vector w.

METHOD: w, f, g are defined in Section 3.2.2 of Part I.
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Primary Overqu (7,0)

In'this overlay, simultaneous linear equations, Ax = B, to update
the ‘between’ points are set up_and solved. 'Between' pbints are
those grid intersection points near the boundary which cannot Be

updated by the Lax-Wendroff method.

BETWN  1s the program in the overlay

LAPGUN sorts out the geometry associated with each 'between"point

RHSBND computes contribufions to the B matrix froﬁ the boundary

' contour | |

RHSL XW cémputes contributions to the B matrix from the Lax-Wendroff
points ' '

LHS computes the A matrix

S@LVE solves the equations using Gauss-Seidel iteration
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SUBJECT: F@RTRAN IV program BETWN
PURPOSE: This is the program in the overlay. It cuts up the work
' array A, calls the principle subroutines and times the

overlay.
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SUBJECT:
PURPOSE :

METHOD:

FORTRAN IV subroutine LAPGUN

To compute the coefficients of the Laplace star associated

with a between paint.

If S, E, N, W are equispaced from P, then a good estimate

for fp is .25*(fS +fp o+ fyt fw). This is equivalent

to a discretisation of the diffusion equation. If the

points are not equispaced from P, a discretisation of the

differential equation for unequally spaced points is used.

E-fo fp - fy
g s
he 4 Ny +
2
Simplifying
fp = Agfs + At + ATy
A = 1
s = Fig (hy + AT D

A = ]

he (he 4 hyy p
Ay = 1

hN (hN + hS ) D
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SUBPROGRAM:

A S S
hW (hE + hw) D

The 1list of 'between' points LISTB is read in from disc file
ID1. The arms hs’ hE’ hN, hw are computed for each point
using the contour intersection information which is read in
from disc file ID2. AS’ AE’ AN’ Aw are computed and saved
in the array ARM.

PASITN
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SUBJECT:
PURPOSE :

METHOD:

SUBPROGRAMS :

FPRTRAN IV subroutine RHSBND
To compute the contribution from the boundary contour to
the right hand sides of the equations to update the between

points.

«+—— BOUNDARY CPNTQUR
. N
w 3
/ Pl

3

The equation for the point P is

fptAg fo v Ap fE + Ay fy v Ay fy =0

W, N are points on the contour. fN’ fw are found by
interpolation between the contour points. Assume that

S, E are also between points. The equation is rearranged

to read
fp * A fg + Ag Fp = - Ay fy - Ay fy
—ANfN - Awfw is the contribution from the boundary

to the right hand side of the equation.

The subroutine RHSBND computes these contributions to the

right hand side B which is a NBT*4 matrix where NBT are the
number of unknowns. Thereare four right hand sides corresponding
to the four independent variables in the partial differential
equations namely W(1), W(2), W(3), W(4).

PASITN

ENDFL
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SUBJECT:
PURPOSE :

METHOD:

SUBPROGRAMS :

FORTRAN IV subroutine  RHSLXW
To compute the contribution from the regular grid points

to the right hand sides of the 'between' update equations.

J

S
The equation for the 'between' point P is

fp + AS fg + AE fet Ay Ty + Ay fy = 0.

Assume S, W are also 'between' points. Then fS’ fw are
unknowns in the equations. If E, N are Lax-Wendroff points
then fE’ fN have already been computed. Therefore the
equation is

fP + AS fs + Aw fw = - AE fE - AN fN

-AEfE - ANfN is the contribution from the Lax-Wendroff

points to the right hand side of the equation.

The subroutine RHSLXW computes these contributions to the
right hand side B which is a NBT*4 matrix where NBT are the
number of unknowns. There are four right hand sides
corresponding to the four independent variables in the
partial differential equations namely W(1), W(2), W(3), W(4).
PASITN
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SUBJECT : F@RTRAN IV subroutine LHS

PURPOSE: To compute the matrix A for the linear equations AX = B
which update the 'between' points.

METHOD: The diagonal elements of matrix A are all unity. Each
'between' point can be connected to at the most four
other 'between' points. Therefore, the maximum number of
non zero off-diagonal elements in a row is four. The
matrix is saved in a compacted form in a NBT*4 array AA.
An auxiliary NBT*4 array NN contains information about

the interconnections among the 'between' points.

Here is an illustration. If the first two equations are

X; + .75 Xy * -01 Xy .y
Xy + .60 X + .15 X;p + .05 X, = 3.5
Then AA = [ .75 .01 0 0]
.60 5 .05 0
NN = [ 10 11 0 0]
10 15 21 0
SUBPROGRAMS : PASITN
ENDFL
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SUBJECT:
PURPOSE :
METHOD:

SUBPROGRAMS :

FORTRAN IV program SPLVE.

To solve a set of simultaneous 1inear equations.

Since the equations to be solved are sparse, an iterative
method (Gaus;rSeidel) is used. There are four sets of
simuitaneous linear equations as there are four right

hand sides. The iterative process is stopped when

DELMX4 = TQLSPL * ELMX4

where

DELMX4 = maximum change in Wr between previous and
present iteration

ELMX4 = maximum value of W4

TOLSPL = presently set at .0001 in subroutine INIT

It usually takes 3 to 10 iterations to attain this

tolerance.

PASITN
ENDFL
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primary Overlay (10,0)

In this overlay the updated values of W for the ‘between' points
is merged with the flow field values for the regular grid points.
The time step is computed to satisfy the Courant-Friedrichs stability

criterion. The entire flow field values are printed out if required.
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SUBJECT:
PURPOSE:

FPRTRAN 1V program STBPRN
It is the program in the overlay.

and calls STPRO or STPR.

104
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SUBJECT:
PURPOSE:

METHOD:

FORTRAN IV subroutine STPR

To compute the time step from the grid points and print

out the flow field.

The flow field data at the 'between' points is merged with
the data for the Lax-Wendroff points. The flow field is
printed out if IPRNT '# 0. The new time step for the grid,
DT@UT, is computed according to the formula in subroutine

DELTAT.
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SUBJECT: FQRTRAN IV subroutine STPR@
PURPOSE : Initialises the flow field at the start of a run.
METHOD: Sets the flow field values to free stream.
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6.0

FILE DESCRIPTION
There are eight files used. Seven are disk filés. The last file
is used to save data required to restart the run. It is dsuai]y a

tape. The table below sqmmarizes'the fiie information.

FILE  FORTRAN  BCD OR DISK OR |

NAME NAME BIRARY TAPE = COMyENTS : . -

TAPES | IR BCD . Disk | Input

TAPE6 Im . f BCD . Disk Output S

TAPE2 | 101, 1D2| Binary Disk Scratch  [Rolés interchanged

TAPE3 ID2, ID1| Binary Disk Scratch [;very time step

TAPE4 ILY, ILé Binary Disk Scratch

TAPE7 IL2, IL1} Binary Disk Scratch .

TAPET | ICT Binary Disk Scratch Contains configuration
data '

TAPE10 ISV Binary Tape Save-tape Data saved for
restart
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Each of the four files ID1, ID2, IL1, IL2 is a scratch file on

disc containing binary data. There is.one or more files on each

of these scratch unjts. Each 1pgica] file consists of one or more
records. Each record consists of a set of arrays. Four tables
follow. Each is a sequential list of READ/WRITE statements addressed
to " the scratch files ID1, ID2, IL1, IL2. The I/P statements

in overlay BNDRC are omitted from the Tist as they are almost
identical with those in overlay BNDRY. For convenience the overlays

are identified by the program name in the overlay.
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) READ/ LOGICAL
OVERLAY | SUBROUTINE | WRITE FILE CONTENTS
RESET | RESET WRITE 1 MAPB@L
BNDRY | BNDGRM READ 2 XP, YP, DP, CSP, SNP, C1P, C2P, C3P, SP
READ 4 WeP
BNDINT READ 5 IX, VX, IY, VY, NSX, NSY
READ 4 WCP
WRITE 4 (JPT, IPT, WCP) 6*NC records
BNDRED READ 3 XD, YD, XDD, YDD
READ 4 (JPT, IPT, WCP) 6*NC records
BNDT READ 2 S, NPTA
BNDWRI WRITE 1 WC
FINDCT | NEWCTI READ 1 WC
MAPS MAPIT WRITE 1 MAPLWX
WRITE 2 LISTB
LAXWND | LXWN READ 1 MAPL XW
BETWN | LAPGUN READ 2 LISTB
RHSLXW WRITE 3 S@L
STBPRN | STPR READ 2 LISTB
READ 3 SpL

TABLE 2 SEQUENTIAL I/O LIST FOR FILE IDI1
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READ/ | LOGICAL
OVERLAY | SUBROUTINE WRITE FILE CONTENTS
RESET RESET WRITE 1 MAPBQL
BNDRY BNDG@M WRITE 2 WCP, CPSN, SINN, CUR, W4
3 (J, I, X, Y) 6*NC records
BNDINT READ 3 (d, I, X, Y) 6*NC records
BNDRED READ 2 WCP, C@ASN, SINN, CUR
BNDWRI READ 2 W4
FINDCT | NEWCTI WRITE 2 X, Y, C, CS, SN, C1, C2, C3, S', S, NPTA
WRITE 3 XD, YD, XDD, YDD
WRITE 4 WC
MAPS INTC@N READ 2 X, Y, b, CS, SN, C1, C2, C3, S
WRITE 5 IX, VX, IY, VY, NSX, NSY
MAPIT READ 1 MAPB@L
WRITE 6 MAPBNW
LAXWND | LXWN
BETHWN LAPGUN READ 5 IX, vX, IY, VY, NSX, NSY
RHSBND READ 4 WC
STBPRN
TABLE 3 SEQUENTIAL 1/0 LisT FOR FILE 1D2
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o 7_('*_' | Rreapy LOGICAL
OVERLAY | SUBROUTINE | WRITE FILE CONTENTS
BNDRY - | BNDINT READ 1 W1, W2, W3, Wi
LAXWND | LXWN READ 1 Wi, W2, W3, W4
STBPRN { STPR WRITE - 1 W1, W2, W3, W4
TABLE 4  SEQUENTIAL I/0 LIST FOR FILE IL1

W READ/ LOGICAL

OVERLAY | SUBROUTINE | WRITE FILE CONTENTS
LAXWND | LXWN WRITE 1 W1, W2, W3, W4
BETWN RHSL XW READ. 1 W1, W2, W3, W4
STBPRN | STPR READ 1 W1, W2, W3, W4
TABLE 5 SEQUENTIAL I/0 LIST FOR FILE IL2
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7.0

SAMPLE INPUT AND OUTPUT DATA

The input data preparation and printed output are described in
the section on computer usage, that is Section 4 of Part I:

The computer input and output data for a typical problem, namely

a cone at an angle of attack,are given in the print out that follows.
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eLL

CIRCULAR CONE

NX
26

UNIFY
1

BND

1

NCTMX
40

NPRNT
10

TMX
1.0000

I10CTL
0000001000

HALF ANGLE = 10 DEG

NY
51

FSMN
6.0000

BNDISC
=0

NBTMX
100

NBUG
-0

NTMX
3

MDY
25

GAMMA

1.4000

KX

NSAVE
=0

ANGLE OF ATTACK = 5 DE

DX oY D
«010000 010000 010000

ALFAD
5.0000

6
S

MACH NO = 6

ON
«01C000



1441

CORE SYORAGE_ANALYS!S

RCTMX
40

KBLKS
2

- NBTMX

100

SUBROUT INE

BNDGON -

BNCINT
BNORED
8ND1
NEWCT
INTCON
MAPIT
LXAN
LAPGUN
-RHSBND
RHSLXW
LHS
SOLVE
STPR

NS
25

NX
26

NY
51

HINIMUM NORDS REQD

&

1680
986
1960

2283 .

1160
360
364

2015
900

1460

1912
1300
1700

704

MR
1275

KX
K

(34
2

WORDS USED

5802

6911

6808

5600

W NN
1 7000 .
WORDS UNUSED
5320

1118

5040

4720

5840

6640

6636

a9

6100

5540

192

5700

5300

1400



Gil

CIRCULAR CONE
CONE SEMI~ANGLE =

FILE
1
2

HALF ANGLE =

10.000

T1
«2000 1.00
1.0000 2.00

START1 CALLED

STARTING VALUE OF T =

10 DEG
0 DEGREES
T2

N

00 19
0 37

+200000

GEOMETRY IQUNIT SET AT FILE POSITION

1

CP,PPy TIMES Td $ INITIALISE $ ARE(SEC)

CPyPP TIMES FOR § RESET $ ARE (SEC)

CPyPP TIMES

FOR

$ BNORY $

I1oXoYeClyC24C3,S ARE

0.00000000
«00612377
«01206148
«01763270
«02266816
«02701486
+03054073

CPyPP TIMES
CP,PP TIMES
"CPePP TIMES
CPyPP TIMES

CP.PP TIMES

«03313863

03472964
03526540
«03472964
«03313863
«03054073
«02701486
.02266816
«01763270
«01206148
«00612377
0.00000C00

FOR
FOR
FOR
FOR

FOR

$ FINDCT
$ MAPS $
$ LAXWND $
-$ BETWN

$ STBPRN §

ARE (SEC)

=.03526540
=+ 03472964
-.03313863
-«03054073
-.02701486
-.02266816
-.01763270

~+01206148

-.00612377
=-.000C0000
00612377
«01206148
«01763270
« 02266816
«02701486
«03054073
«03313863
«03472964
«03526540

ARE (SEC)
ARE (SEC)

ARE (SEC)

ARE {SEC)

ARE (SEC)

CPyPP TIME (SEC) FOR THIS TIME STEP

T = » 200000

NT = 0

TOTAL' SINCE

NEW TIME STEP BEGINS
FREITHISIE SRR ARRANES

LOAD

«50
5.46

«10
00
.00

-.08748866
~.08748866
~. 08748866
-.08748866
-.08748866
~.08748866
~. 08748866
-.08748866
~.08748866
-.08748856
~.08748866
-.08748866
-.08748866
-.08748866
~.08748866
~.087483%6
~+08748866
-+ 08743666
0.09200000

.10 1
<09 1

.01

. «00

.29 1

7.10
124.10

1.66
.53

75

T =

T =

14.22236299
14.23236299
14.23236299
14.23236299
14.23236299
14.23236299
14.23236299
14.23236299
14.23236299
14,23236299
14.,23236299
14,23236299
1423236299
14.23236299
14423236299
14.23236299
14.25236299
14.23236299

€.07000000

T =

T =

«200000 NT
+«200000

=-.00000000
-00000000
«00000000
~.0000C0000
00000000
00000000
00000000
-.00000C00
«00000C00
=.00000000
00000000
~.00000000
«00000000
=.00090000
«000C0000
=.00000000
-.00000000
00000000
0.000C0000

+200000 NT
«200000 NT
«200000 NT
«200000 NT -
«200000 NT

NT =

[]
o o o o o

= o

0.00000000
+C0615500
«01230999
«0184649%
«C2461999
«C3077498
«03692398
«043238498
«04923997
«05539497
«C6154397
«C6T7C496
«07385996
«C8201496
«C8616995
« 09232495
«£9347965
« 1046249
« 11073964

]



9Ll

NT

T
1 «220475

DT OTFRST

«020475 «027565

.CP+PP TIMES FOR $ RESET $ ARE (SEC)

wll
1.360039
1.357104
14348427
1.334378
1.315552
12292722
1.266799
1.228773
1.209662
1.180458
1.152087
1.125373
1.101018
1.679599
1.061562
1.C47239
1.036862
1.030581
1.028479

o P et Pt et S e e Pt P
VE~NCVMEIEWNEOOVONTVEWN I

WSl
1.477365
1,472903
1.459735
1.438487
1.41C155
1.376028
1.337600
1.296466
1.254227
in 1.212394
11 l.172317
12 1.135135
13 1.101748
14 1.072823
15 1.C48810C
16 1.029980
17 1.C16%479
18 1.008367
19 1.C05662

OO U >N -

wea
000000
«026641
«052C78
«075251
«095354
.111876
«124578
e133416
e1l38447
«139743
«137341
«131243
«121459
« 108062
«091256
«0Tl412
«049085
2024999
0.000000

WS2
+«000000
041023
080175
.115809

e 146668

171956
«191301
« 204644
212090
213778
«209800
200201
+ 185029
o 164425
-138713
«108462
«074509
037934
-+ 000000

WwC3
-.131836
-e129269
-.121748
-.109787
-.094127
~.075610
~.055056
=.033176"
-.010542

.012383
035190
«057446
«078651
«098216
«115486
«129791
« 140516
«1l47166
«149420

Ws3
« 260499
«256486
«244728
«226021
«201518
«172537
+ 140366
«106132
«070751
«034966
«C00566
«035165
« 068056
«098339
«125020
«147089
«163616
«173856
e177325

CP,PP TIMES FOR $ BNDRY $ ARE (SEC)

TeXeYyC1lsC2,C3,S ARE

[V RPN N

0.00000000
+00675C68
«01329625
«01943781
«02498877

~«03887562
-.03828501
-«03653114
-.03366728
-.02978045

-+08748860

DTBND oTOUT INDCT
«020475 027565 0
.02 3.19 T = 220475 NT =
Wes PRES TEMP VT ANG
1.663288  1.553421 1.133614 000000
1.659199 1548644 1.132624 «002792
1.647133  1.534546  1.129685 .005411
1.627687  1.511793 1.124903 .007701
1.601813  1.431454  1.118444 +009534
1.570762  1.444897  1.119532 .010824
1.535993  1.403698  1.101439 «011532
1.499070  1.359535  1.091475 .011670
1.461545 1.314084 1.083970 «011292
1.424848  1.268925 1.070268 «010490
1.390199  1.225479  1.059706 .009379
1.358556  1.184959  1.049637 .008081
1.330600  1.148352 1.042264 .006707
1.306755  1.116423  1.031935 «005351
1.287238  1.089731 1.024837 004076
1.272120 1.C68664  1.019145 «002914
1.261380  1.C53473  1,014989 .001865
1.254969 1.044307 1.012460 «000908
1.252838  1.041244 1.011612  0.000G00
WS4 PRES TEMP VTANG
2.177095  1.T747722  1.172178 002000
2.168554  1.740217  1.170748  =.002810
2.143412  1.718118  1.166510  =.005729
2.103066  1.682628  1.159622  -.008840
2.049691  1.635632  1.150336  =-.012182
1.986027  1.579523  1.138993  =-.015726
1.915121 1.517005  1.126005  =.019371
1.840065  1.450879  1.111838  =.022939
1.763766 1.383842 1.096989 -.026189
- 1.688T783 1.31833% 1.031965 -.028840
1.617250  1.256617  1.067256  =.030601
1.550881  1.199723  1.053317  =.031211
1.491019  1.149446  1.040547  =.030476
1.438723  1.106377  1.029279  =-.028298
1.394832  1.070970  1.019773  -.0246%94
1.360010  1.043434 1.012220  =.019793
1.334771  1.023813  1.006748  =-.013828
1.319480  1.012073  1.003437  =-.007109
1.314359  1.,008167  1.002329 000000
.88 3.98 T = ,220475 NT =
-.08748866  12.91065925 -.00000000
-. 08748866 12.91065925 00000000
-.08748866  12.91065925 00002000
-.08748866  12.91065925 00000000
12.91065925 -.00000000

1
MLOCL cpP
«546263 021951
548303 «021772
«554354 .021212
«564283 «020309
«577825 «019105
«594718 «Q17555
«614673 «Cl6220
«637365 « (106267
«6624C90 «012464
689261 «Q10572
« 717266 +008348
« 745559 «Q0T34C
«7731306 «005287
«1989C6 «004620C
«821717¢ «C03561
+840734 «C02725
«854925 «0C2122
«8637C6 001758
«866678 «C01637
MLOCL cp
«977177 029671
«977898 «C29374
«980065 028497
+983687 «027088
«988762 025223
995245 022997
1.003209 «020516
1.C11797 «017392
1.021191 «C15232
1.030615 «012632
1.0393%2 018175
1,046662 «0CT7926
1.052521 «C0C5930
1.056149 «004221
1.057878 «0C2816
1.058161 «001724
1.057648 «00CI45
1.0570¢C6 «00Ce79
1.056732 «000324¢
1

0.00C00000

«L0678510

.C1357020

« 02035531

«02714041

e s Pk ot e b et oo
VR JPAPWNFHOOINT NS, WN -

CW4a3YDT
17.514102
17.314378
16.725087
15.775314
14.511615
12.995032
11.295579

9.453534
7.660785
5.868465
4.176181
2.630702
l.265272
.1004658
-.852563
=1.59C359
=2.115464
~2.428606
-2.532688%

el R N ol N
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L1l

6 «02978045 -.02498877 -.08748866  12.91065925 -.00000000 03392551
7 .C3366728 -.01943781 -.08748866  12.91065925 .80000000 04071061
8 03653114 -.01329625 -.08748866  12.91065925 -.000720090 «04749572
9 03828501 -. 00675068 -.08748866  12.91065925 .00000000 05428082
10 .03887562 -+ €0000000 -.08748866  12.91065925 - .00000000 06106592
11 .03828501 00675068 -.08748866  12.91C65925 +00003000 06785102
12 .03653116 .01329625 -.08748866  12.91755925 -.00000020 07463613
13 03365728 01943781 -.08748866  12.91065925 .00002000 .06142123
14 .02978045 «02498877 -.08748866  12.91765925 -.00000029 08820633
15 +02498877 02978045 -.08748866  12.91165925 -.00000000 +09499143
16 .01943781 .03366728 -.08748866  12.91C65925 00003000 <10177654
17 01329625 03653114 -.08748866  12.91065925 -.00003000 10856164
18 00675068 .03828501 -.08743866  12.91065925 .00200000 «11534674
19 0.00000000 03887562 0.00000000 0.0000000 0.00000C00 12213184
CP,PP TIMES FOR S FINDCT $ ARE {SEC) .10 1.87 T = .220475 NT = 1
CPyPP TIMES FOR § MAPS § ARE {SEC) .16 1.83 T = ,220475 NT = 1
CP,PP TIMES FOR $ LAXHND $ ARE (SEC) .61 2.27 Ts  .220475 NT = 1
NO GF BETWEEN POINTS ARE 13
LIsTB
1022 10030 20022 26030 - 30022 30030 40023 40029 50024 50025 50026 50027 50028
ITER,DELMX4, ELMX4,RATIO,TOLSOL ARE 5 +00003357 1.59620332 00002103 00010000
CP,PP TIMES FOR § BETWN $ ARE {SEC) .28 2.32 T=  .220475 NT = 1
CP,PP TIMES FOR §$ STBPRN $ ARE (SEC) v 2.12 T = 220475 NT = 1
CPePP TIME (SEC) FOR THIS TIME STEP 2.50 17.58
TOTAL SINCE LOAD 7.96  141.68
T s .220675
NT = 1
NEW TIME STEP BEGINS
SRV RR SRR R R0 ENEE
NT T oT  DTFRST OTBND DTQUT INDCT
2 .262906 L022429 .027565 .022429  .022907 0
CPyPP TIMES FOR s RESET § ARE (SEC) .02 2.62 T s .242904 NT = 2
1 Wl . WE2 Wwe3 WC4 PRES TENP VTANG - MLOCL cp
1 1.758056 .000000  =.211326  2.466527  2.252373  1.265581 000000 641101 +049697
2 1.733451 .044574  =.204420  2.426070  2.212268  1.260918 004845 . 644905 048106
3 1.679411 .093619  -.188154  2.335995  2.119711 . 1.247753 008470 558542 044433
&  1.665612 L9518 =.167033  2.311169  2.093337  1.242610 .012001 «663724 043386
5 1.653417 L152298  =.139323  2.288341  2.065407  1.235228 016397 673952 .042278
6  1.619684 J1737764  =.10646  2.227972  2.005138  1.22459%4 015808 681477 .039£86
T 1.5643230 135383 =.071935  2.099585  1.872725  1.201427 019695 705341 034632
8 1.486591 J191105  =.038375  2.004l44  1,775213  1.183036 019710 723282 .030762
9 1.450323 .193031  =.003593  1.942145  1.710002 14163681 1020672 .738825 028175
10 1.467206 .186801 .029247  1.866425  1.635100  1.152420 .020784 750974 025202

DW48YDT
35.812649
34,191176
30,.713C871
30.473251
3C.679C42
29,3C1378
25.127851
22.518:873
21.427663
19.687642 1

i
1
2
3
4
]
-}
7
3
9
]
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11
12

13 .

la

- 15

16
17
18
19
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CP,PP TIMES FOR

1.343893 « 174640
1.272264 «160092
-.1.228053 « 142762
1.190289 «122305
1.158308 «099925
1.118289 «076653
1.096385 «051986
1.,090393 026258
1.090294 =-+000000

WSl NS2
2.071566 + 000000
2.020139 2066220
1.916484 «120016
1.901867 «173194
1.910927 «221706
1.855094 +256057
1.732¢78 0266442
1.646546 «273278
1.619803 «280994
1.562165 «275452
1.459861 «254915
1.351329 «227432
1.294207 «203127
1.254119 «178069
1.200658 «144759
1.145449 «109657
1.112202 « 073217
1.111138 «037741
1.111709 =-.000000

$ BNDRY

1eX9YeCleC2,C3,S ARE

CP,PP TIMES FOR

VO NCNHWN -

10
1
12
13
14
15
16
17
13
19

«056467
« 079241
«101252
«120583
1350695
«147369
«155995
«161257
«162977

HS3
365273
«350024
«315933
287236
«253821
«203726
«149333
«098044%
051195
004721
«036685
.071808
+«104581
«131311
«154898
«169908
« 182048
192291
«196024

$ ARE (SEC)

0.00000000 -.04283045
«00743743 -.04217976
«01464888 =+04024746
«02141522 ~.03709226
02753088 ~+03231003
03281003 ~.02753088
«03709226 =.02141522
04024746 ~.01464888
«04217976 =.00743743
04233045 -. 00000000
«04217976 « 00743743
04024746 «01464888
03709226 «02141522
.03231003 « 02753088
.02753088 «03281003
«02141522 «03709226
«01464888 «04024746
«00743743 « 04217976

0.00000000 «04283045

$ FINDCT $ ARE (SEC)

1.762281  1.531383 1.131241 .018813
1.650750  1.416536  1.106631 «015490
1.580774  1.345929  1.090202  .013277
1.520420  1.285475  1.075059 .011557
1.459377  1.236172 1.063071 .009217
1.412120  1.175155 1.047685 .006529
1.379904  1.142185  1.039163 .0041C6
1.369123 1.132907 1.036534 «001965
1.367655 1.132592 1036343 «0092C20

AS4e PRES TENP VT ANG
3.403157 2.822591 1342696 +000000
3.289237  2.72149T  1.328022 .002195
3.060303  2.518426  1.296374 002464
3.030981  2.491824  1.292685 .003351
3.052777  2.512308 1.297941 .003498
2.935021 2403527 1.281455 .004597
2.674338  2.179256 1.243162 .002249

2.498466  2.025242  1.216348 .000811
2.448786  1.982518 1.210690  =.001002
24337428 1.885915 1.194959 -.003022
2.136281  1.710770 1.161419  =.005574
1.926315  1.528483  1.122756  ~.007629
1.820740 1.437645 1.103662 ~-.008495
1.751776  1.378753  1.093051  =.010754
1,654198 1.295527 1.073886 -.009433

1.555215  1.211213  1.053591  =,008741
1.495904  1.161122 1.040985  -.005878
1.495525 l.161324 1.042188 ~.003399
1.497289  1.163089 1.063222 .0C0000

.81 3.93 T = .242904 NT

-.08748866  11.71353087 ~.00000000
-.08748866 11.71353087 0.00000000
-.08748866  11.71353087 .000000C0
-.08748866  11.71953087 - .0000000C
-.08748866  11.71353087 00000000
-.08743866  11.71853087 00000000
-.08748866  11.71353087 -.00080000
-.08748366  11,71853087 - .00000000
-.08748866  11.71853087 .000000C0
~-.08748866 11.71853087 -.,00000CCO
-.08748866  11.71853087 00000000
-.C8748866  11.71353087 -.06000G0D
-.08748366  11.71853087 ~.000C20CC
-.C8748866  11.71853087 00000000
~.08T48366 11.71853087 -.00000CCD
08748866 11.71853087 «00000000
-.08748866  11.71853087 -.000C00C
~.0B8743866 11.71853087 +00000000C
0.00000000 0.00000000 0.00000000
.10 1.94 T = .242904 NT

.770450 .021087
300802 016529
.318383 L013727
.335000 .011328
.346623 .009372
.370730 .006951
.882725 .025642
.383035 .C05274
.381013 .065262

MLOCL cP
.913022 .072325
.918123 +063513
«929281 060255
930684 .059199
.929135 267012
4934992 .055394
«9489486 0456796
.959281 .040684
+961525 .038989
.967960 .035155
.982183 .028205
«999386 ,C209T2

1.208229 L017767

1.013309 .015030

1.022378 .011727

1.031970 .008381

1.037502 .006394

1.036520 .006402

1.035814 006472

2

0.00000000
.00747535
.01495¢72
.02242606
«02930141
.03737676
.04435211
.05232747
.05930282
«0HT27317
.01475352
.G5222387
L0S97¢423
«C3IT17355

« 10455493
«11213028
e11500564
«12724C99
+13455634

e -
OV W NN P WA,

P et s e Bt b s
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16.589348
13.027519
11.154999
9.526315
8.142984
6.261081
5.284409
5.029609
5.119144

11
12
13
14
15
16
17
18
19
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CPyPP TINES FOR' $ MAPS § ARE (SEC) 17 1.81

3 «264850 021946 «027565 «021946 .022718

Ta « 242904
Te 2242904

2412301865
Ts= « 242904
T = +242904

CPoePP TIMES FOR $ LAXWND $ ARE (SEC) « 64 2.27
NO CF BETWEEN PGINTS ARE 8

LISTS

30022 30030 40022 4003C 50023 50024 ‘50028 50029
ITER)DELMX4, ELMX44RAT10,TOLSOL ARE 4 »00002923
CPoPP TIMES. FOR § BETWN $ ARE (SEC) «27 2436
CPyPP TIMES FOR § STBPRN $ ARE (SEC) 45 1.97
CP.PP TIME (SEC) FOR THIS TIME STEP 245 16.91
TOTAL SINCE LOAD 10.41 158.59

Ts 0242904
NT = 2

NEW TIME STEP BEGINS

P2 EL 222212 %] ]

NT T or DTFRSTY DTBND DTOUT

INDCT

CPyPP TIMES FOR $ RESET $ ARE (SEC) .02 2452 T= «264850
I WC1 WC2 wWC3 WC4 PRES TEMP
1 2.143098 « 000000 ~e273522 3.276797 2.989961 le374216
2 2.124655 «061700 -.263236 3.238956 2.956117 1.370611
3 2.058297 «112720 =e235414 3.106089 2832635 1356279
4 1.917855 151056 -.203385 2.863549 2.579452 1.326824
5 1.877617 «188036 -.168045 2.786429 2.496049 1.311851
6 1.828229 «216289 - 126199 2.696636 2.399372 1.295632
1 1.748425 «228260 -.081380 2.546183 2.251798 1.272340
8 1.737010 «235970 =+034655 2506216 2.219155 1.262270
9 1.684947 «233313 «007341 2.405670 2.119814 1.243645

10 l.620721 222676 «046994 2.287714 2.002381 1.222115

11 1.540547 203482 «079569 2.141861 1.862141 1.196755

12 1.4445517 «178536 «102929 1.967864 1.699169 1.166004

13 1.336474 «155587 «119970 1.790259 1.521707 1.132466

14 1.275034 «131598 «137437 1.687435 1.420836 1.107526

15 1.226037 106079 «151336 1.607393 1.342450 1.089168

16 1.178344 «0794C6 « 160505 1.527004 1.267748 1.071240

17 l.164642 «05302% «107337 1.498349 1.245895 1.065463

18 1.155770 +026986 «172429 1.483692 1.231858 1.061744

19 1.153767 =.C00000 «174548 1.481030 1.228595 1.062815
1 WSl Ws2 HS3 WS4 PRES TEMP
1 2.569559 . 000000 -.458372 4.624906 3.913774 1.479542
2 2,573303 «092G96 =e444593 4.574561 3.869350 1.47754¢6
3 2.467767 =« 167814 =+401981 443346838 3.654900 1.456308
4 2.207677 «21C931 ~.327713 3.705336 3.089130 1.371734%
5 2.150021 +261810 ~e275204 3.561772 2.958526 1.355333

NT o
NT. =

«00001377
NT =
NT =

NT =

VT ANG
000000
«007C85
012343
«015187
-019187
«023167
«+024967
«027715
028628
028595
«027929
«024685
.019532
«016229
«013377
«009747
«026357
«002913
«000C00

VTANG
006000
005243
008189
«008523 -
.011005

«00010000

3

MLOCL
653242
«652176
«653317
«688083
703590
» 722003
«737250
«733269
«745419
«762118
«777853
«792691
«829576
«850842
«868892
«880979
876114
« 879293
«381311

MLOCL
«869774
870746
« 877630
«902390
«919524

cP
«078967
077624
072724
2062677
.059367
«055531
049675
«0483729
045527
«039777
«034212
027745
020703
.0167CC
«013589
« 010625
005755
009201
.009071

cp

.115626 _

«113863
«105353
082922

«077719

|

1
2
3
4
5

2W4BYDT
36.920307
37.040CC5
35.090155
25.169739
22,695333
21.355138
20.345736
22.377421
21.121Ci¢
19.196442
17.255974
14.449528
9.545329
1.610242
£,2546072
5.2357:70
5.397CT
5,220434
5.166059

[y
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021l

6 2.092913
7 1.984896
8
3

24009004

1.926638
13 1.8277195
11 1.711698
12 1.569764
13 l.414634
la 1.341815
15 1.285728
16 1.217249
17 1.200218
i8 1.1383297
19 1.178125

CP,PP TIMES FOR

« 298522 =.218355
«315164 ~.154102
339641 -.102577
«337596 =.041760
0322290 .015328
«295263 «063581
« 258859 .098076
215937 124863
«181181 +152158
«l147212 «172421
«108981 «184918
«C75972 «197561
«038720 205038
-.000000 «207735
$ BNORY & ARE {SEC)

TeXeYyCl,yC2,C34S ARE

1 0.00000000 ~+ 04670015
2 +00810940 ~.04599067
3 «01597239 -.04388378
4 +02335007 =.04044351
5 03001828 -.03577439
6 «03577439 -.03001828
7 «04044351 -.02335007
8 .04388378 -e01567239
9 «04599067 =.003810940
1c «C4679015 -+ C00000020
11 +04599067 « 0810940
12 .04388378 +01597239
13 «04044351 «02335007
14 «03577439 '« 03001828
15 03001828 «03577439
16 .02335007 « 04044351
17 «01597239 .04388378
18 +00810940 «04599067
19 ¢.CC000000 «04670015
CPysFP TIMES FOR § FINDCT $ ARE {SEC)
CP,PP TIMES FOR $ MAPS $  ARE (SEC)
CPyPP TIMES FOR $ LAXWND $ ARE (SEC)
N3 CF BETWEEN POINTS ARE 17
LISTS
1cc2l 10031 20021 20031 3002
60027 60028
ITER,DELMX4 4 ELMX4,RATIOD, TOLSOL ARE
CP,PP TIMES FOR $ BETWN $ ARE (SEC)
CP.PP TIMES FOR $ STBPRN $ ARE (SEC)

CP,PP TIME (SEC) FOR THIS TIME STEP

1

]

3.438177 2.849004 1.341251 011762
3.206496 2.644517 1.313696 -012155
3.230562 2.714139 1.331875 «009843
3.098854 2.553413 1.307355 .009082
2.885049 24354697 1.277216 «008659
2.646113 24155542 l.244747 036627
2.369593 1.907420 1.202628 .00231C
2.048549 1.635162 1.146291 .000117
1.907931 1.513348 1.119687 «000074
1.807023 1.427105 1.102955 ~.001509
1.682096 12320069 1.078967 ~.001579
1.655546 1..298C05 1.076344 ~.0031383
1.625158 1.272120 1.0703327 -.002136
1.615729 1.264G097 1.069358 000000
«89 3.80 T = «264850 NT =
~.08748866 10.74750172 -.00000000
~e08748866 10.74750172 +000C000C
~«08743866 10.74750172 +0000J000
-.08748866 10.7475CL72 +00000C00
-.08748366 10.76750172 00000000
-.087488566 10.74750172 =-.000C0C00
-.08748866 10.7~750172 ,«00000000C
-.08748856 10.74750172 -+.00000000
~.08748566 10.74750172 »00000000
-.087488606 10,7475C172 ~.C0C00000
-.08748566 10.7+-750172 «000C0C00
-.08748866 10.74750172 00000000
~.08743806 10.74750172 -.000Q00000Q
~.087483866 10.74750172 +GC000000
-.087484866 10.,74750172 ~.00000000
~-.08748866 C.74750172 .000C0000
-.08748566 10.7¢750172 -.00000000
~.08743366 10.72750172 00000000
0.00Q0CTCO 0.03000000 0.00000000
.10 1.82 T = «264850 NT =
17 1.81 Ts= « 264850 NT =
«65 2.06 T = « 264850 NT =
30031 40022 40030 50022 50023 50029
.00003738 2.67878442 «00001414
«30 2.39 Ts= «264850 NT =
«45 1.90 T = 264850 NT =
2456 16.29

.915543
1925235
.913159
.925527
.937262
«943324
.964310
«988150
«99932¢
1.007452
1.018552
1.615918
1.022583%
1.023555

3

«073373
.0465259
«063021
«0561643
-C34155
« 045271
«0352C9
025205
+020371
«C15949
«C127C1
«011326
« 210798

«CLCAHHT

0.0C000000
«00815Q75
«0163C149
+02445224
03260298
«C4CT75373
« 04890447
+05705522
«26520596
«CT335671
«58150745
« 08965820
.C3780894
« 10595969
«11411C43
.22226118
«13041192
«13856267
« 14671341

50030 60024

«0CC1000C

60025

QWO

12
13
14
15
16
17
18

-

60026



TOTAL SINCE LOAD
T =  .264850
NT = 3
INFCRMATICN SAVED » ToNT,ISVFP ARE

RUN TERMINATED BECAUSE NT.GT.NTMX

el

12.97

174.88

264850

3



8.0

PROGRAM LISTING

The fo]]oWing pages contain a listing of the computer program.
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CVERLAY(CVER,+0,0) _
PROGRAM TEA27O0DUINPUT=1002,0UTPUT, TAPES=INPUT,TAPE6=0UTPUT,
TAPE1=1C02+TAPE2,TAPE3+TAPE4TAPET7,TAPELO)

*

C UNIFIED SUPERSONIC-HYPERSONIC SMALL DISTURBANCE THEORY
C NASA CCNTRACT NAS1-9562 PHASE 2

COMMON
CCMMCN
CCMMON
CCMNMON
CONMMCN
COMMON
CCFMON
COVMMCN
CCMNMCN
CCMNMCN
COMMCN
CCMMCN
CCMMCN
CC¥MCN
CCMNMCN
COMMCN
COMNMCN
COMFCN
CCFNMCN
COMMON
CCFMMCN
CCMMCN

€l

A N L N R N e e T e T e T

CM1
cM2
CM3
CM3A
CM38
CM4
CM4A
CM4B
CMS
CM6
cMT
CvBA
cH8B
CM10
CM10A
Cr11
CM11A
CM11B
cr12
CM13
CM14
CM9S9

NN N N N N N N N N N N N NS NSNS NSNS NSNS SN

TIMAL2)

TITLE(8), DATE1,DATEZ
INXyINY s YZyDXsCY40S,CN,
UNIFY,FSMNsGAMMA, ALFAC
CTLlyCT2sCT34CT49CTSCTEHCTT,CT8,LT9

ALFAR WIFS W2FSyW3FS o W4FS

CFsDTMXy, DXYSNy DTFRST,DTOUTHCTBNDyDTSTB,DT
ICTyICTFP,T1,T2,NC1,NCURYV

TPREV T4 INDCT,NT,NTFRST

BND,BNCTISC.BNDPRN

ARTVS,GAMB

TOLS,TOLX,TOLCB,TOLCF,TOLSOL

NCTMX ¢ NBTMX s NX ¢ NY g KX s KY s KKy NBT ¢ MM

VS, ML,KBLKS

JOCTLyTMX,NTMX,TMR
TIMA(2),TIMB(2)yTIMS(2),TINT(2),TIM({2,8)
IRy Ik

ISV, [SVFP

IC1,IC2,1L)1,1L2, IC1FP IC2FP,IL1FP, IL2FP
TALZRS yTALWNS ¢MSK(6C) o ¥SKRGT(60)

ISTART ,ISTOP, ISAVE sNSAVE

NPRNT, IPRNT,NBUG, IBUG

NNyA(7000Q) $ NN = 70CO

ROX4RDY,RCSyRDN

[0}
o
»

C PRINT OUT CCMPILE TIMES
CALL TIMER(TMR,yTIMA,TIMB,TIMT)
WRITE(IW,6CCC) TIMT



yel

PRIMARY CVERLAY 1 *INIT* INITIALISES THE PRCGRAM
CALL OVERLAY{4HCVER,1,0,0)

2 CONTINUE
PRIMARY CVERLAY 2 *RESET* RESETS THE LCCP
CALL OVERLAY{4HCVER,2,40,0)

PRIMARY CVERLAY 3 *BNDRY* COMPUTES *wW* CN BOUNDARY
IF(BND.EC.1.,)CALL CVERLAY(4HOVER,3 ,0,0)
IF(BND.EC.3.)CALL CVERLAY(4HOVER,27,0,40)

PRIMARY CVERLAY 4 *¥FINDCT* FINDS NEW CONTCUR
CALL OVERLAY{4HOVER,4,0,0)

PRIMARY CVERLAY 5 *MAPS* CETERMINES QUTSIDE+LAXWNC,BETWN POINTS
CALL OVERLAY({4HCVER,5,0,0)

PRIMARY CVERLAY 6 ®*LAXWNC* CCMPUTES #*W* IN FLCW FIELD
CALL CVERLAY(4HCVERy64+C,40)

PRIMARY CVERLAY 7 *BETWN* SOLVES FCR *w¥ AT *BETWEEN* POINTS
CALL COVERLAY(4HCVER,7,Cy0)

PRIMARY CVERLAY 8 *STBPRN* FINCS *DTCUT* PRINTS *W*
CALL OVERLAY{4HCVER,8,0,0)

CC SC I=1,2
TIMT(I)=TIMB(I)-TIMS{I)
90 TIMS(I)=TIMB(I)

WRITE(IW,609C) TIMT,TINS,T,HNTY
GO TO 2

6000 FCRMAT{1HL,*CP,PP TIMES TO COMPILE AND LCAD ARE (SEC)#*2F10.2)



y

G2l

6090 FORMAT(1HO,*CP,FP TIME (SEC) FOR THIS TIME STEP* 2F10.2 /
$ 1Xe¥* TCTAL SINCE LOAC * 2F1C.2 /
$1Xo%T = * F10.6 /1Xo*NT = * 16 )

ENC
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SUBROUTINE ALL (NyXyY,D4sCS»SN,C1,C2,C3,S»TOLS,TOLX,
* ARC9J9S19S29SGN,
* COSNySINNCURV(XREF, YREF )
CIMENSION X{1)oYd1)eDU1)eCS(L1),SN{L1)4C1(1),C2(1),C31(1),S(1)
CALL POSCON { NoSe ARC, JeSSeS14S5S2,SGN )
CALL XYCCORS ( 0.9D(J)sCL{J39C2(J}+sC3(J)»1oTOLSH»TOLX,SSsXL»
* X{J)yYUJ) yCS(J)sSNIJ)»XREF,YREF )
CALL NRMCUR ( XL9CS{J)sSN{J)CL{J)sC2(J)+C3(J),COSN,SINN,CURYV)
RETURN
END
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SUBROUTINE CUBARC(A4BsCl1,C24C3,EPS,ARC)
C FINDS ARC LENGTH OF CUBIC ( Cl*X + C2*X*%2 + (3%X%%¥3 )

COMNIN / CUBCOF / ClZ,TWOC2,THRC3

COMMON / CHM11 / IRelW

EXTERNAL DSBYDX

Ciz = Cl

TwdC2 = C2 + C2

THRC3 = 3,%C3

.CALL GENDRE ( DSBYDX, A, By EPS, Oy ARC, IERR )

IFf { L1ERR.EW.0 ) GC TO 99

WRITE(IWe6) A9ByC1,C2,C34EPSHARC,IERR
6 FORMAT(1HO*LEGEND CANNCT MEET RECUIRED TOLERANCE®/,
®1Xy*A By 14C24C3,EPSyARC,IERR ARE*/,
¥1X95F25415/91X92F25.154110)

99 RETURN
END

FROM A

10

8

0020 CARDS

Al
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SUBRCUTINE DSBYDX { Xs FX )
C FINDS DS/DX FOR CUBIC Cl*X +C2*X%%2 + (C3%X%%3

COMMCN 7 CUBCCF / Cl,TwCC2,THRC3
F =Cl + X*{ TWOC2 + THRC3*X )
Fx = SQRT { l. + F*F )

RETURN

END
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10

SUBROUTINE ENDFLCUICFP,ICUNIT)

COMMON /7 CM11 / IRy IW

IF{ I10FP.GE. 1) GC TC 10

WRITE{IW,6) I0FP,ICUNIT

FORMAT(1HO,* ERROR IN SUBROUTINE ENDFL
CALL EXIT

ENCEILE IGUNIT
ICFP = I0FP + 1
RETURN

END

ICFP, IOUNIT ARE * 214 )
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SUBROUT INE GENMSK

C GENERATES MASKS

10

20

COMMCN / CM12 / TALZRS,»IALWNS  MSK(60),MSKRGCT(60)
PSKI(1) =1

CO 10 I=2,59 '

MSK(I) = MSK(I-1)}+MSK{I-1)

MSKRGT(1) =1
CC 2C 1=2,459
MSKRGT(I) = MSK{1).UR.MSKRGT(I-1)

MSK{60) = JNCT.MSKRGT(59)
MSKRGT(EQ) = MSK(60).CR.MSKRGT(59)
IALZRS = 0

IALWNS = MSKRGT{6Q)

RETURN
ENC
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SUBROUTINE GENDKE (AUXsA,BsCONTRyKODE,FINTL, IRROR)

DIMENSION ARG(12) 4uGHT(12)

DATA ARG yWGHT/.9602898564975369796666477413627,.525532409916329
C«183434642495650,.989400934991650,.944575023073233,
C.8€659631202387832947955404408355003,.617876244402644,
C.4580167776572274.2816035507792599.095012509837637,
£.101228536290376494222381034453374,.313706645877887,
Co3626837833783629.0271524594117544.062253523G38647,
Ce095158511682493,.124628971259534,4.149595988816577,
£e169156519395003,.182603415044924,.189450610455068/

DIMENSION TOP(3),BCT(3),5UM(3)

TRAFQ(Y)=(D+C)/2.+{D-C)%Y/2,

TOP(i)=8

TCP({2)=(B+A) /2,

TOP(3)=8

BOT(1)=A

8QT(2)=A

BOT(5)=TOP(2)

Ll=1

L2=4

DO 3C I=1,3

C=BOT(I)

D=TOPI(I)

SuM(1)=0,.

CC 20 L=L1,L2

Y==ARG (L)

W=WGHT(L)

X=TRAFO(Y)

CALL AUX(X,FX)

SUMIT ) =SUM{T)+FX%h

Y=ARG (L)

X=TRAFO(Y)

CALL AUX(XyFX)

SUM{T)=SUM{T)+FX¥n

CUNTINUE

SLM{T)=SUM(T)/2.%(0-C)

IF {KOBE) 364+4G436

IF(ABS ((SUM{L)-SUM(Z2}-5SUM(3))/SUM(1))-CONTR) T70,70,50

LEG
LEG
LEG
LEG
LEG
LEG
LEG
LEG
LEG
LEG
LEG
LEG
LEG
LEG
LEG
LEG
LEG
LEG
LEG
LEG

. LEG

LEG
LEG
LEG
LEG
LEG
LEG
LEG
LEG
LEG
LEG
LEG
LEG
LEG
LEG
LEG
LEG
LEG

0010
0160
0L70
0180
0190
0200
0210
0220
0230
0240
0250
0310
0370
0380
0390
0400
0410
0420
0480
0490
0560
0570
0580
0590
0600
0650
0660
0670
0680
0690
0760
0770
0780
0790
0800
0860
0930
1000



(A1

40

55

&0

70

IF LABS (SUMLL)-SUNM{2)-SUM{3))-CCNTR) 70,704,550
IF{Li-1) 60,55,60
L1=5

L2=12

GC 70 10

IRROR=1
FINTL=SUM(])

RE TURN

[RROR=0
FINTL=SUM( L)

Re TURN

END

LEG
LEG
LEG
LEG
LEG
LEG
LEG
LEG
LEG
LEG
LEG

1070
1080
1150
1160
1170
1230
1240
1250
1260
1270
1280

0050 CARDS
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FUNCTION MAPCHK{ MAP KhoNXyJyI1 )
C MAPCHK IS ZERO IF BIT POSITION (JyI) CF MAP IS ZEROD

CIMENSICON MAP(KhoNX)

COMMCN / CM12 / TALZRS+TALWNSMSK(60) MSKRGT(60)
Ji=Jd -1

ID = 1 + J1/6C

IBIT = 60 — MOC{J1460)

MAPCHK = MSK(IBIT)JANC.MAP(IWD, I}

RETURN

END

i;@
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SUBRCUTINE NLCSPUX,Y,NyN1,SS1,N2,SS2,TCL+DyCSySNsAL,A2,A3,A4,A5)
CIMENSICN X{1)sY(L1)9sD(1)oCS{L)eSNIL)sAL(L1),A2(1)4A3(102,A4(1),A5L])

STATEMENT FUNCTICNS...

TBUI)={AL(I+1)+A2(1+1))/(1.-AL(TI+1)*A2(1+1))
CA{T)==(4.%A2{1)+42.%TB(I1))/{DCI}*SCRT{ (1. +A2([)%%2)*%3))
CB(I)= (2.%A2(1)+4.2TB(I))/(DUI)*SCRT((1.+TB{I)*%x2)%%3))

COMMCN 7/ CM11 / IRy IW
INITIALIZE.aw

S1 SS§1

S2 $s2

NM1=N-1

EC 1 I=1,NM1
COD)=SQRTU(X{I+1)=X{I) ) %22+ (Y(I+1)-Y{]))#x2)
CS(D)={(X{1+1)=-X(1))/D(I)
SNOI)I=(Y{I4+)-Y(1))/0(])

1IF{l.EQ.1) GC TQ 1
SC=SN{I)*CSUI-1)-CS(1)#SN({I-1)
CC=CS(I)*CS{I-1)+SN{I)*SN(I-1)
Al1(1)=SC/CD

A2(I)=-SC/(1.+CD)

CONTINUE

Al(N)=0.

A2(1)=0. $ Cl=4./0(1) 8 F1=0.5%D1
IFIN1.EQ.2) GO TC 2

S1 = TAN[ S1 - ATAN2(SNI(1),CS(1)))
A2(1)=S5S1 $ Cl=1. $F1=0.

A2{N)=0. $ DN=4./DINM1) $ EN=0,.5%DN
[F(N2.EC.2) GC TC 3

S2 = TAN(S2 — ATAN2(SN(NM1),CS(NM1)))
AZ2(N}=S2 $ DN=1. $ EN=0.

CONTINUE

NI 1]

SOLVE FOR THE SLOPES USING A QUASI-NEWTON METHOD...
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ITEX=20+N/2
DC 40 [T=1,1TMX
EVALUATE THE RESICUAL VECTGR AND ITS NQORM
ER=C.
CO 1C I=1,NM1
IF{1.EQ.1) GC TQ 8
AZ(I)=CB(I-1)-CAl])
RI=ABS(A3(1))
GC TC ¢

8 A3(1)=A2(1)-S1
IFIN1.EQ.2) A3(1)=S1-CA(1l)
RI=ABS(A3(1))
A3(N)s5A2{(N)-S2
TFIN2.EC.2)A3(N)=CB{NML1)-S2
RN=ABS(A3(N))

9 IF{RILGT.ER) ER=RI

10 CONTINUE
IF(ER.LE.TOL) GC TC 50

SOLVE A fRI-DIAGONAL SET OF EQUATIONS FOR THE NEXT STEP

A4(1)=F1/D1
A5(11=A3(1})/01
CC 2C I=2,N
EI=EN 3 CI=ON $ FI=0.
IF{I.EC.N) GO TQ 19
ElI=24/D0(1-1) 8 FI=2./0{1) 8 DI=2.%(EI+FI)
19 T=CI-EI*A4{I-1)
A4(1)=F1/T7
AS(L)=(A3(])-EI*AS(I-1))/T7
2C CCNTINUE
A2{N)=A2(N)-AS5(N)
£C 3C J=2,N
I=N$1-J
AS{T)=AS(1)~-A4{[)*A5(]+1)
A2(1)=A2(1)Y=AS5(1)
30 CCNTINUE
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40 CONTINUE
WRITE{IW,1C0C) IT,ER,{A2{T)sI=1yN)
WRITE{IW,1C1)(A3(1)yI=14N)}
WRITE(IW,150) TTMX
CALL EXIT

50 CCNTINUE

c CCMPUTE THE SPLINE COEFFICIENTS...

CC €0 I=1,.NM]1
SA=A2(1)
se=TB{I)
RCI = 1./C(1)
Al(L}=SA
A2(L)=—12.%SA+SB)*RDI
A3{1)= (SA+SB)*RDI*RDI
60 CONTINUE
C
100 FCRMAT(22HINUMBER CF ITERATIONS=13/32H MAXIMUM DEVIATICN IN CURVATY
¥URE=EL1l.4///26H THE SCLUTICON VECTOR 1S...//{5E24.10))
101 FCRMAT(//26H THE RESICUAL VECTCR ISe..//(5E24.10))
150 FCRMAT(61HISUBRCUTINE NLCSPL FAILEC TC CCNVERGE TG A CUBILIC SPLINE
*AFTER,I3,10HITERATICONS)
RETURN
ENC
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LCT

C FINDS PCSITION ON CONTCUR CF POINT SPECIFIED BY ARC LENGTH *ARC¥

110

120

130

220

230

3c0

SUBROUTINE POSCON (NS,

CIMENSICN S(1)

SGN = 1.
IF(ARC.LT.0.)GC TC 220
J =1

J=J+1

IF(J.6GT<N ) GO TC 120
IF(ARC.GT.S{J)} GC TC

J=J-1

S§ 3 ARC - S{J)

€C TO 300

SGN = - 1.

J =N

ARD = 2.%S(N) - ARC
J=43-1

IF(ARD.LT.S(J)) GC TC
£§ = ARD - SUI)

G0 TC 3C¢

SGN = ~1.

J =1

ARD = —ARC

Jd=J+1
IF(ARDB.GT.S{J4)) GC TC
J=J-1

£8 = ARD - S(J)

S1 3 SS/{sS(J+1)-S(4))
s2 =.1¢ - S1

RETURN

ENC

ARCy JySS¢S1952,SGN )

110

130

230
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SUBROUTINE POSITNUIFILL,IFIL2,I0UNIT,IND)

C *IOUNIT* IS POSITICNEG IN *IFIL1* ON ENTERING THIS SUBROUTINE
C *IOUNIT* 1S POSITICNED AT START OF *[FIL2* ON LEAVING THIS SUBROUTINE
C IF *IND#* IS POSITIVE *BSF* WILL NOT BE USEC

COMMCN / CM11 / IRyIW
IF(IFIL2.LE.C) GO TC 420
IFCIFIL1.LE.O) GC TC 110
IFILD = IFIL2 - IFIL]
IF{IFILD) 100,200,3C0O

100 IFUIND.GE.O) GG TG 110
CALL BSF{(-IFILC,IGUNIT,IERR])
GC TO 400 ’

110 REWIND ICUNIT
CALL FSF{IFIL2+.ICUNIT,IERR)
60 710 4cC0

2C0 IF(INC.GE.C) GC YO 110
CALL BSF(1,I0UNIT,IERR)
CALL FSF{1,I0UNIT,IERR)
GC TC 4cC¢C

300 CALL FSF({IFILD,ICUNIT,IERR)
400 IF{IERR.EC.C) GC TC 500

420 WRITE{IW,440) IFIL1,IFIL2,I0UNIT,IND,IERR

440 FORMAT{1HO,*ERRCR IN PCSITN IFILLl.IFIL24ICUNIT,IND,IERR ARE * /
*1X,5110)
CALL EXIT

500 IFIL1 = IFIL2
RETURN
END
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SUBROUTINE TIMER{TMR,TIMA,TIMB,TIM)

C TIMB(1),TIMB(2) ARE CP,FP TIME ELAPSED SINCE LCALC IN SECONDS
C IF TMR.EQ.2 CP,PP TIMES ARE COMPUTED , OTHERWISE CP TIME ONLY

10

CIMENSICN TIMA(2),TIMB(2),TINI2),BLOCKI(3)
CATA I1,12,13 7 77778, 7777777700008, 100008 /

CALL SECCND(TIMB(1))
TIM(1) = TIMB{1l) - TIMA(L)
IF{ TMR.NE.2.) GC TO 1C

CALL CCRE{ BLOCK,s1G9¢2,1 2

MILSEC = BLOCK{3).AND.Il

1SEC = BLCCK{3).AND.12

TIMB(2) = FLCAT{ISEC/I3) + .OO0OLl*FLCAT{(MILSEC)
TIv{2) = TIMB{2) - TIMA{2)

RETURN

TINB(2) = TIN(2) = Q.

RETURN

ENC

£
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SUBRCUTINE XYCORS ( XP, XQy Cl, C2, C3,
* INCoTOLS s TCLX,ARCINyXLCUT,
* XCy YC, CSy SNy XREF, YREF )

FINDS X PCSITICN IN LCCAL AXES ANC (X,Y) IN REFERENCE AXES
CCRRESPONDING TC ARC LENGTH JARCIN.

IF IND=1 %ARCIN#* HAS BEEN MEASURED FRQOM %XP*

IF INC=2 *ARCIN* HAS BEEN MEASURED FROM *XC*

COoMMON / CM11 / IRy 1IN

EPX = TCLX¥(XC—-XP)
EPS = TCLS*{XQ-XP)
CALL CUBARCH{ XPyXC,yCLlyC2+C3,EPS,STCT )
Xl s XxP
X2 = XC
IF (INC.EGC.2) GC TC 5
SA 5 ARCIN
F1L = ~SA
F2 = STCT ~ SA
¢C 1C 1¢
§ SA = STCT -~ ARCIN
F1 = —-SA
F2 5 STCT ~ SA

1C X3 (X1%F2 — X2%F1l)/{(F2 - F1)
IF ABS(X3-X1).LE.EPX ) GC TC 60
IF { ABS(X3-X2).LE.EPX ) GC TC 60
CALL CUBARC ( XP, X3, Cl,y C2, C3, EPSy F3 )
F3 = F3 - SA
IF(F1*F3.GT.0.) GC TC 3C

-

X2 = X3
F2 = F3
CC T1C 1C
30 IF(F2%F3.6T.0.) GC TC 5C
X1 = X3
Fl = F3
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GC T1C 10

50 CONTINUE
WRITE(IWs55) INDoXPeXQsC1lyC24C3yTCLSH»TCLX)ARCINIXL9X2¢X3+F1eF24F3,

®STCY
55 FORMAT(1HOs* ERROR IN XYCORS #* / 1X,110 /(1X,5E25.10))
CALL EXIT
60 XLCUY = X3
YLOUT = XLOUT*{Cl + XLOUT*{C2 + XLCUT%*C3))

XREF = XC + XLCUT¥*CS — YLCOUT*SN
YREF = YC + XLCUT*SN + YLOUT*CS
RETURN

ENC

™

[
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CVERLAY{CVER,1,0)

PRCGRAM INIT

C OVERLAY(1,0) READS,PRINTS DATA. INITIALISES. SLICES ARRAY A

CCFMMEN /7 CM]
COMMCN / CH2
COMMCN 7/ CM2A
CCOMNCN / CM3
CCMFCON /7 CHM3A
COMNMCN / CM3B
COMNMCN / CM4
CCMMCN / CHM4A
COMMON / CM4B
CCMMCN 7 CMS
CCMNGN /7 CWM6
COMMCN /7 CM7
CCMFCN 7 CHMBA
CCMMCN /7 CMmBB
COMMON / CM1O
COMMCN /7 CM1CA
CGMMON 7/ CM11
CCMMCN / CM11A
COMNCN / CM11B
CCHNCN /7 CM12
CGMNCN / CM13
CCMMCN /7 CM14
CCMNCN / CMGS9

NN N N N N N N N NN SNMNN N NNNNNSNSN N

TITLE(8), DATELl,CATE2

INX o INY oYZoDX DY DS yDNy RCXyRDY,RCS,RDN
MDY, AMDY

UNIFY FSMN,GAMMAL,ALFAC
CT1)CT2,CT3,CT4,CT5,CT6,CT7,CT8,CTS
ALFARyWLFS)W2FSyW3FS,sW4FS

CFosCTMX,y DXYSNy CTFRST,CTCUTDTBNCCTSTB,DT
ICToICTFPyT1,T72,NC1,NCLRV

TPREVy T INDCTyNToNTFRST

BND,BNDISC,BNDPRA

ARTVSGANMB

TOLS,TOLX,TOLCB,TOLCF,TOLSOL

NCTMX gNBTMX g NXyNY KX yKY oKWy NBT 4 MM
MS,ML,KBLKS

IOCTL s TMXoNTMX, TMR
TIMA(2)yTIMBI2)4TIMS(2),TINTI{2),TIN(248)
IRy I

ISV, [SVFP

IC1,ID2,1IL1,IL2, IC1FPy IC2FPyIL1FP,IL2FP
IALZRS ¢ IALWNS ¢y MSK(6C)yMSKRGT(60)

ISTART, ISTOP,ISAVE,NSAVE

NPRNT o IPRNT,NBUG, [BUG

NN,A(1)

PI=3,14159265358976
CALL CATE ( CATELl,CATEZ2 )

C READ IN DATA

REAC(IR,51C) TITLE,
2 INXyINY AMDY,DX,0Y,CS,DN,
3 UNIFYFSMN,GAMMA, ALFAC,
5

BNCyENCISC+BNCPRN,
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8 INCTMX o ZINBTMXpZKXy ZKY
REAC(1RyS15) ZNPRNT,ZNBUG,INSAVE
REAC(IRy515) TMX,ZNTMX
REAC(IR,520) ICCTL

CF R 1.
Ci¥x = G665,
TCLS = CCO0S

TCLX = JCCC1
TCLCE= .COClL
TCLCF= l.E-08
TCLSCL = .CCCl

C PRINT DATA

- WRITE(IW,610) TITLE,CATEY,CATE2,
INXyINY AMDY DX yDYDS,DN,
UNIFYsFSMN+GAMMA,ALFAC,
SNCBNCISC,
INCTMX s ZNBTMX 9 ZKX.y ZKY
WRITE(IW,618) ZNPRNT,ZNBUGyZINSAVE
WRITE(IW9620) TMXyZNTMX
WRITE{IwWs622) TUCTL

aWnwnNn

C COMPUTE SCME CCNSTANTS

[FINBUG .EC.0) NBUG =5959
IF(NSAVE.EC.C) NSAVE=9599
IF(NPRNT.EC.0) NPRNT=9569

IT{UNIFYJLE.C.) 'GC TC 10
C UNIFIEC THECRY USED

B2 = FSMN®FSMN - 1.

B = SQRT(B2)

S 6C TC 2C
10 CCNTINLE

i
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C UNIFIEC THECRY NCT USEC

B = FSMN
g2 = B*B
20 G = GANNMA
CTl= 1./(G*82)
C12= G - 1.
CT3= —.5%G%(T2%82
CT4= 1-/3
CT1s = G
CTé¢ = B
CT7 s FSMN
CT8 = 2./(G*82)
CIG6 = (FSMN/BY%**2
RCX = 1./DX
RCY = 1l./0Y
RCS = 1./C$

CXYSN = AMINLICX,CY,DSyCN)/SQRT(2.)
CXYSK = CF*DXYSN

C CONVERT 7O INTEGERS

NPRA INTU{ZNFRNT)
NBLG = INT{ZNBLG)
NBTMX = INT{ZNBTMX)
NCTEX = INT{INCTMX)
AX 3 INT{ZINX)

NY 3= INTUZNY)

KX = INT{ZKX)

KY = INT(ZKY)

Kk = 1 +# (NY-1)/6C
NTMX = INT{ZINTMX)
NSAVE = INT(INSAVE)
YZ = AMDY*(0Y

MCY= I[NT(ANDY)

CALL CHECK
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C SET

CALL GENMSK

FREE STREAM VALLUES

W1FS = 1.

W2FS = C.

ALFAR = ALFAC*PI1/180.

TANAL = TAN{ALFAR)

W3FS = TANAL

m4FS = 1. — CT3#(TANAL)*%2
RR = le/W1lFS

U = RR*W2FS

V = RR*W3FS

VSQ = U*L ¢+ Vv
VEL = SCRT(VSQ)
TEMP = RR*W4FS + CT3#*yS(C

APLUSY = CT14%SCRT(TEMP) + VEL
CTFRST = DXYSN/APLLUSV
ICT = 1

ICl = 2

IC2 = 3

ILl = 4

IL2 = 7

ISV = 10

REWIND ID1

ENCFILE ID1

IC1FP = 1

REwWIND IC2

ENCFILE ID2

ID2FP = 1

REWIND IL1

ENDFILE IL1
ILIFP = 1
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REWIND IL2
ENCFILE 1IL2

IL2FP = 1

NC = NCTMX
Nl =1

N2 = N1 + NC
N3 = N2 + NC
N4 = N3 + NC
NS '3 N4 + NC
N6 == N5 + NC
N7 = N6 + NC
N8 = N7 + NC
NG 3 N8 + NC

N10= N9 + NC

N11l= N10O+ NC

N12= Nl11l+ NC

N13= N12+ NC

Nl4= N13+ NC

N153 N14+ NC

N1é= N15+ NC

N17= N16+ NC

N18as N17+ NC

N19= N1&+ NC
- N20= N19+ NC

N21= N2GC+ NC

N22= N21+ NC

N23= N22+ NC

N24s N23+ NC

N25= N24+ NC

CALL BODGOM{A(NL)AIN2),A(N3) A{N4) AINS) AINO) yAINT) AINB) A(NG)},
®A(NIC)»AINLIL)»AINL12)»AINL3)A{NL4)»AINLS) AIN16),AINLT)A(NLE),
¥A(NIS)+AINZ2C) yA(N2L)2A(N22)4A(N23),A(N24),A(N25))

ISAVE = -1
ISTYCP = -1
READ{IR4515) ASTART
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100
110

510
515
520
610

ISTART =INTULASTART)
IF{ISTART.EC.1) GC TC 100
N8A= N8 + NC

NS = N1

N1C = N2

N1ll= N3

N12s N4

N13s N1

N1l4= N1

N15= N14 + NX

Nlés N15 + NX*KX

N17= N16 + NY

N18= N17 + NY*KY

N1G= N18 + NX*KX

N2O = 1

N2l = 1

N2Z = N2l + MM

N23 = N22 + MM

‘N24 = N23 + MM

N25 = N24 + NC

CALL STARTZ ( A(NL)»AINZ2),AIN3I A(NL)yA(NS) AINO)sA(NT)AINS),
* A{NBA),
x. A{NS)A{N1C) »A(NLIL)sA(N12),

* A{N13},
% AINL4) sA(NLS),AIN16)» A{(NL17),A(N18),A(N19),
* A(N2C),
* A(N2L) sA(NZ22)sAIN23)yA{N24)+A(N25S),
& NXyNY  KXoKY oKW ) '

GC TC 11C

CALL STARTI1

CONTINUE

FCRMAT(BAL1C/T7F10.0/4F10.0/3F10.0/4F10.0)

FORMAT(7F10.0)

FCRMAT(C10)

FCRMAT(1H1,8A10,8x,2A10/1HC,
2 B8X2HNX 8X2HNY B8X3HMDY8XZ2HDX B8X2HDY 8X2HDS 8X2HDN 71X3F10.0,4F10.6
2 /1RGC,



oyt

618
620
622

6010

3 SXSEUNIFY 6X4HFSMN SXSHGAMMA SXSHALFAD /1XyFl0.0,3F10.4 /1HG,
57X3HBND 4X6HBNDISC /1X42F10.0/1H0,
8 S5XSHNCTMX S5XSHNBTMX 8X2HKX B8X2HKY /1X44F10.C )
FCRMAT(L1HC,SXSHNPRNAT 9 6X4HNBUG SXSHNSAVE/1X43F10.0)
FORMAT(1HO, 7X3HTMX 6X4HNTMX /1X4F10.4,F10.0)
FCRMAT(1HO, SXSHICCTL /1X,010 )

CALL TIMER(TMR,TIMB,TIMS,TIMT)
WRITE(IW,601C)TIMT
FCRMAT(LHOQ *CP,FP, TIMES TC $ INITIALISE § ARE(SEC) *,2F10.2)

ENEC
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SUBRCUTINE CHECK

C CHECKS THAT *NN* [S LARGE ENCUGH TG SGLVE PRESENT CASE BEING

NCTMX yNBTMXyNX o NY KXy KY s Kin g NBT y MM

ISTART, ISTCP, ISAVE,NSAVE

COMMON 7/ CMBA /

CCMNMCN 7 CMEB / MSyMLKBLKS
CCMMCN /7 CMEBC / FSOsMLGCKBLKSC
COMMNCN / CM11 / IRyIN
CCMNCN / CM13 /

COMMCN 7/ CPGST  / NNyA(1)

NC = NCTMX

NB 3 NBTMX

KK1 = KX¥(NX+1} + KY*(NY+l)
KK2 = KX*{2%NX+1l) + KY*{2%NY+1)
NY4 = 4%NY

NY8 = 8*NY

NY12 = 12%NY

NY3G = 3GxNY

IBNBG = 42%*NC

IBNCI = 4%*NC + KK2 +NY8
IBKER = 4G%*NC

IBNC1 = 57%NC

INWCT = 29%NC

INTCN = 9%NC

IMAPT = 2%KW*NX + KK1 + NB
ILXaN = KW¥NX + NY39
ILPGN = 9%NB

IRHSB = 13%NB + 4%NC
IRHSL = 13#%A3 + NY12
ILHSS = 13%NB

ISCLV = 17*NB

ISTPR = 52NB + NY4

MBNDI = (NN — IBNDI)/NY4 + 1
MLXWK = (NN = ILXWN)/NY4 + 1
MRESL = (NN — IRHSL)/NY4 + ]
MSTPR = (NN - ISTPR)/NY4 + 1

o > e "

-~

MS = MINC{MBNDI,MLXWN,¥RHSLyMSTPR)
IF (MS.LT.1) MS =

1

LBNEG

LBNCR
LBADL
LNWCT
LNTCN
LMAPT

LLPGN
LRESB

LLHSS
LSCLYV

NN

NN
NN
NN
NN
NN

NN
NN

NN

IBNGG

IBNCR
IENC1
INWCT
INTCN
IMAPT

ILPGN
IRKSB

ILHSS
[SCLV

ag Il
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IFULISTART.EC.4) NS = MSO

KBLKS = 1 + {NX-1)/MS

*

ML = NX = (KBLKS = 1)#MS
IF{KBLKS.EQ.1) ‘MS = ML

ME = MSHENY

"KBNCI = IBNCI ¢+ NY4*¥(MS-1)

KLXWN = TLXWN + NY&®(MS-1)

KRHSL = IRHSL + NY4*(MS-1)

KSTPR = ISTPR + NY4¥(MS-1)

LBNDI = NN ~ KBNDI!

LLXWN = KN = KLXWN

.LRHSL = NN - KRHSL

LSTPR = NN — KSTPR

LEAST = MINC{ LBNCGs LBNDI, LBNDR, LBND1,
LNWCT, LNTCNy LMAPT, LLXWN,
LLPGNy, LRHSL, LRHSB, LLHSS, LSOLV,

LK BE B S BN BEOBE CBE BE BE B BE B

WRITE(IW,6C0)
WRITELIWe60S) NC o NBoNX NY s KXo KY o KingNN
WRITE(IW,630)

IBNCG, LBNDG,
IBNCI, K8NC I, LBNCI,
IBNOR, LEBNOR,
IBNC1, LBNDL,
INKCT, LNWCT,
INTCN, LNTCN,
IMAPT, LMAPT,
TLXRN, KLXWN, LUXKN,
ILPGN, LLPGN,
IRHSB LRKSB,
IRHSL » ‘KRHSL » LRHSL
ILHSS, LLHSS,
ISOLV, LSCLV,
ISTPR, KSTPR, LSTPR

WRITEL{IWs62C) KBLKS¢MS,MLMM

IF{ LEAST.GE.O )} GC TC 99
NRECC = NN — LEAST
WRITE(IW,640) NREQD

LSTPR )}
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CALL EXIT
€CO FCRMAT(1F1,% CCRE STCRAGE ANALYSIS * )
605 FORMAT(1HO, SXSHNCTMX SXS5HNBTMX B8X2HNX BX2HNY 8X2HKX 8X2HKY
* 8X2HKW 8X2FAN /1X,8110 )
€20 FCRMAT(LIHC, O5XSHKBLKS 8X2HMS BX2HNL 8X2HMM/ 1X,4IL1C )
€30 FCRMAT(1HO,1CXICHSUBRCUTINE,2X18HMINIMUM wWORCS REQD,10X10HWORDS US
%ECy 8X12-WCGRDS UNULSELR /1X,
*14XEHBNLCCCM 4 120414071

%14 X6HLHS 12C,140/1X
*¥14XEFSCLVE 120,140/1X
#14XEHSTPR 312¢ )
640 FCRMAT(1HO,* MININUM DIMENSICN OF ARRAY $AS SHOULLC BE *,J10/
‘*1Xe% RUN ABCRTEL* )
35 RETLRN
END

¥14XE6HBNDINT , 3120 /71X
*14XEHBNCREC o 1204140/1X%
*1l4axéHBNCL s 120,140/1X
K14XEHNEWCT 4 120,4140/1X
®*14XEHINTCCN 9 12Co14GC/1X
*14X€EFMAPIT , 120,140/1X
¥14XEHLXWN » 3120 /1X
®*14X6HLAPGUN » 120,140/1X
*14XEHRHSENC o 120,140/1X
*14XG6HRHSLXW » 3120 /1X

1]

’

?
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C THIS

SULBRGUTIRE CONSSTL
SURRUCTTINE ESTABLISHES A CUNE AT ARNGLE UF ATTACK SOLUTION

CUMMN () / UNIFY »FSMNyGAMMA, ALFAC

COmMMion /7 CM11 / IRy IR

COMMUN / 20201 /7 [COMNEyBKFXyRL,CONC

COMMUN / CM2ZN2 / Flicel)oFz{21)9F3(21)9X1(21)4NTAB

21 0= 5.14159265358979

HEAS{IR,S15) BEKUFXeRLJANTAB
FORMATIT7F10G,0)

vK = uskL*PL1/i80.

TEK=TAN(SK)

NTAg = INT(aNTAaB)

XM= OGN
XM2= xMd xM

G = LGANMA
e = KM2 = ]
B = suRl{inZ)

CON = 2./(5+1.)

CON = DUN® {1, + (G=lat¥XM2/2.)

LUN = SORTICONY /XM

CUNA = GE (2, + {G=1)%AM2)/(G+14)
LUNB= «9%G%(6-1,.) %82

CUNT = Lo/7{FX/TAN(BKY = 1.3}

CONC = CONG/RY

2 LG I=1onNTAB

REACTIRyHLIS)Y XILi)eF2{L)oF201)F3(1])
P llatCal) FFF = F1 (1)

FLiI) = FL{T)*TBK/FFF

wl = (F3(1) ~ le)%B2/XM2Z + 1.

v<4 = FLl{1)

w3 = wlFVR

PPINF = CUNAXF21{1)



¢aT

100

610
%

PPINU = (PPINF - l.)*p2/xM2 + l.
ha = PPINU + CONB¥*Wl®VRIVYR

Fili) = wl

F2{1) = w23
F3(1) = w4

CONTINUE

WRITE(Iwy610) BKD,yRIL
FURMAT{1HOy * CONE SEMI ANGLE » RADIUS OF CCNTODUR ARE *
./1Xy2F20.8//)

RETURN
END

0051 CARDS
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SUBROQUTINE TANWEDG

C COMPLTES TANCENT WECGE INITIAL

COMMON / CM3 / UNIFYFSMN,GAMMA, ALFAD

COMMON /7 CM3A / CT1,CT24CT3,CT44CT5,CT64CT7,LT8,CT9
CCMMON / CM11 / IRyIW

COMMON / CM301 / IWEDGy HWED)XLWED,WEDL1,WEDL4
FUNIB) = TANTHT = 2.*%COS{BIX(XM2¥SIN(B)I%*2 - 1.}/

 (SIN(B)¥(XM2% {GAMMA+CCS(2.%B)) + 2. ) )

P1=3.14159265358979

Pl2 = pl/2.

TOLB= .CCO1%PI2

READ(IR,510) ALAMD

ALAMD = 90.- ALAMD
910 FORMAT(T7F10.0)

ALAMR PI%*ALAMD/180.
ALFAR PI*ALFAD/180.
TANALF= TAN(ALFAR)
TANLAM= TAN(ALAMR)
TANTHT = TANALF

XMl = FSMN

xm2 = XM1%XM]

C COMPUTE BETA BY METHQOD OF BISECTION

DEL = PI/180.
B1l=DEL
Fl=fUN{BL)
B82=DEL
5 B2=B2+DEL
F2=FLN(B2)
IF(FLI%¥F2.G740.)GC TC 5




49+

81=82-DEL

10 F1 = FUN(B1)
F2 = FUNIBZ)
B3 = .5%(B81+B2)

610

50

60

70

1F{ABS(B1-B2).LT.TICLB) GC TO 70
F3 = FUNI(B3)

IF({F1I*F3).LELD.) GO TC 50
IF{{F2*F3).LE.Q.) GO TC 60
WRITELiWe610) BlyB2¢B3+FlyF2,F3
FURMAT(1HO+%* Bl,B2yB3,F1,F2,F3
* PATCH*)

CALL EXIT

FZ = F3

82 = B3

GO TC 10

Fl1 = F23

8l = B3

GO TC 10

BETA 63

SINB SIN(BETA)
SINB2= SINB¥*%2

G = GAMMA

ARE

* /1Xe6E2046/1Xy*ERROR . IN’

WL = (G11.)*XM2*SINB2/((G—1.)*%XM2%SINB2 + 2.)
P2 = 1o + 2.,%G¥(XM2%SINB2 — 1.)/71(G+1l.)

KEDLL = WL]

wEDL4 = P2

READ(IR,>10) T

XLWEDC = T*TANLAM

HWED = T*TAN(BETA - ALFAR)
2=699.

WRITELIWs620) ALAMDUeZelvly
STHETLBETAWZ o 72y
%P 1eB2y8392
XFlob2oF3yl

620 FORMATUIH1,»{/1X44E20.6))



961

RETLRN
END

0079 CARDS
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SUBROUTINE PATCH
C THIS SUBROUTINE COMPUTES FLCw FIELD VALUES AT THE WING LEADINE EDGE

COMMON / CM3 / UNIFY,FSMNsCAMMA,ALFAD

COMMON / CM3A  / CT1,CT2,CT3,CT4,CT5,CT6,CT7,CT8,CT9
COMMON / CMLL  / IR,In

COMMON / CMLOL / WIR,W2RyW3R W4k WLLyW2LsW3L o Wal
COMMON / CML102 /7 NAS,NAE.NANoNAW,TANLAM, TANBET
COMMON / CM104 / NBDUND

FUN{B) = TANTHT 2.%CCSIBI®IXM2XSIN{(B)*%2 — l.)/
* {SIN(B)®{XM2*(GAMMA4CCS(2.%B)) + 2. ) )

PI=3.14159265358979

P12 = Pl/2.

TOLB= .0001%P12

READ(IR¢510) ALAMD

ALAMD = 90.—~ ALAMD

READ(iR,510) AS,+AE+ANyAW,ABOUND
510 FORMAT(7F10.0)

NAS=AS

NAE=AE

NAN=AN

NAW=A#

NBOUND = ABOUND

ALAMR = PI*ALAMD/180,
ALFAR = PI*ALFAD/1b0.
TANALF= TAN{ALFAR)

TANLAM= TANTALAMR)

TANTHE= TANALF/TANLAM

THET = ATAN(TANTHT}

TTAL = SCRT{TANALF**z + TANLAM*%2)
XM1 = CTe*TTAL

xM2 = XM1+XM1

C SET VALUES TO RIGHT GF SHLCK WwAVE



QCT

WIiR = 1.

w2R = 0,

W3R = TANALF

W4R = 1. — CT3%TANALF#%%2

C COMPLYE BcYA BY METHOD OF BLSECTION

10

610

50

60

70

Del = P1/180.

B1l=DEL

FL1=FUNI(B1)

Bz=CEL

B2=82+DEL

F2=FUNI{B2)

IF(F1%F2.6T.0.)G0 TO 5
B1=82-DEL

Fi FUN(BL)

F2 FUN(B2)

83 «3%{B1l+B2)
IF(ABS{Bl-b62).LT.TCLB) GO TC 70
F3 = FUN(B3)

IF({F1*F3).LE.O.) GU TC 50
[FI{F2%F3).LE«GCs)} GG TC 60
WRITE(IW,610) BlsB2yB3,Fl,F2,F3
FORMAT{1HO,* BlsB2.B3,Fl,F2,F3

* PATCH¥)

CALL EXIT
F2 = F3
82 = 83
GO0 T2 10
Fl = F3
8l = B3
GO TG 10

BETA 83
SINB SIN{BETA)
SiNB2= SiNB¥*%2-

Hon

ARE

* /1Xy6E20.6/71 Xy *ERROR IN
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G = GAMMA

WL1 = (G+#l.)*XM2%SINE2/{{G~1.)*XM2%SINB2 + 2.)
P2 = lo + 2.%G*(XM2%*SINB2 - 1.)/(G+1l.)

¢ = TANLAM — TTAL*COS(BETA}/COS(BETA-THET})

WiL wkl

wat WLi*Q

W3L 0.

hat P2 ~ CT3xWLL*Q*%2

oW on oy

TANBET = TAN(BETA-THET)

1=999,

WRITE(Iwey620) ALAMDZ¢Zyr o
*AS AE2ANyANWY
¥THETBETA Ly 2,
*B1yB2+B392y
¥F19F29F342,
*WlRyWLZRy W3R WGR,y
EnllowW2LoW3L WL

620 FORMAT(1HL y{/1X,4F20.6))

RETURN
END

0098 CARDS
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SUBRCUTINE SETICTIT)
C SETS ICTFP AT FILE FOR WHICH ( ToGE.Tl .AND. T.LT.T2 )
CCMPCN / CM4A / ICToICTFP4TLyT24NC1,NCURYV
COMMCN /7 CM11 / IReIW
CALL POSITNUICTFP,1,ICT,1101)
10 READUICT) ICTFPP,T1l,T2,NC1yNCURV
IF(ICTFP.EQ.ICTFPP) GO TO 20
WRITE{IW,61Q) ICTFP,ICTFPP
610 FCRMAT{1HO,* ICT GUT CF SYNC. ICTFP,ICTFPP ARE * 211C/1HO,
* &« RUN ABORTED %)
CALL EXIT
20 1F { T«GE.T1 JANDe T.LT.T2 ) GC TO 959
CALL POSITN ( ICTFP,ICTFP+1,ICT,112)
Gg TC 10
§99 RETURN
ENC
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SUBRCOUTINE START1

COMMON /7 CM4aA / ICT.ICTFP,T1,7V2yNC1,NCURY

CCMNCN /7 CM4B / TPREVsTy INCCToNToNTFRST

CCMFCN /7 CHM11 / IReIM

COMMON /7 CM11A /7 15V, ISVFP

COMMCN /7 CM11B 7/ 1D1,1ID2,1L141L2, IDLFP,IC2FP, IL1FP, IL2FP
REWIND 1SV

[SVFP = C

. REAB{IR,510) T
REAB(IR,510) SVFPP
ISVFPP = INT(SVFPP)
IF{ISVFPP.GT.1) GC TG 1C
WRITE({ISV) DUM
ENCFILE ISV
ISVFEe = 1
GG TC 20
10 CALL POSITNUISVFP,ISVFPP,ISV,1111)
20 CONTINUE

NT=-1

INDCY = 1
NTFRST = NT
TPREV = T

CALE ENDFL{ID1FP,IC1)
CALL SETICTI(T)
REAGLICT)
KRITE(IW,610) T,ICTFP

510 FORMAT(F10.0)
610 FORMAT{1HO,* START1 CALLED * /
* 1HO,* STARTING VALUE CF T = %,F20.6 /
* 1HO,* GEOMETRY IGUNIT SET AT FILE POSITION * 5 )

RETULRN

END

SUBRCUTINE START2 { XyYsDy9yCS9ySNeC1+4C2+C3+S,
* XCoYD o XCD o YCC»



et

WC,
IXeVXeIYoVYSNSX,NSY,
MAPBNN
WloW2oW3 gty
NPTA, )
NXgNY oKX gK¥ oK )

L N N

COGPMON /7 CM4 / CF+CTMX,y DXYSN, CTFRST,DTOUT,DTBNC,DTSTB,DT
COMMCN / CM4A /7 ICTLICTFP,T14T24NCLyNCLRY

COMNMON / CM4B / TPREV,TINDCT¢NTyNTFRST

COMNCN / CMm8E / NSHML,KBLKS

COMNCN /7 CM11 / IRy 1%

COMMCN / CM11A / 1SV, ISVFP

COMPCN 7 CM11B /7 1D1,1D2,3L1,102, IDLFP, IC2FP,IL1FP,IL2FP

CIMENSICON X(L)oY{1)9D(1)oCS{1)sSN{L)C1{13,C2{1),»C3{1),S5({1),

* XD(1)sYD{1)4XCD{1),YCOI( L),

* WC(4yl),

* IXONX) o VX(KX o NX) o IVINY Yo VYIKY o NY) o NSXIKXoNX) ¢ NSYIKYoNY),
* MAPBNWIKKgNX),

* Wl{1)¢W2{1)sK3{1)skall)

DIMENSICN NPTALL)

REWIND ISV
ISVFP = C
REAC(IR,515) SVFPP
515 FCRMAT(7F1040)
ISVEPP = INTISVFPP)
CALL POSITNUISVFP,ISVFPP,1ISV,1001)

REAC(ISV) DTCUTDTBND+ICTFPoT19T2yNC19yNCURV,TPREV,T, INDCCT4NT
READ(1SV)

CALL SETICT(T)

REAG(ICT)

NTFRST = NT

CALL POSITN(1ID2FPo1,1C2,4121)
CALL ENCFL (1D2FP,1ID2)
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AC = NC1

REAL (ISv) (X{I)sI=1sNC),
(Y(I)v1=1'NC)'
(C{I),I=1,NC),
{CS{I)s1=14NC),
(SN(I)}yI=1sNC),
(C1UI)yI=1oNC),
(CZ(I).I=1,NC),
(C3(1),I=14NC),
{S{I)yI=14NC)

WRITE(IC2) (X(I)yI=14NCi,
{(Y(1)yI=14NC},
{0({I)sI=1sNC),
(CS{I)sI=1,NC),
{SN{I),I=1,NC),
(Cl(I)vl=lvNC)'
{C2(1)+1=140C)»
{C3(I)yI=14NC),
{(S(I),I=14NC)

REAGLISV) (S(1)31=1yNC)»

* {NPTA{1),1I=14NCURYV)

WRITE(ID2)(S(I)sI=1,NC),
* (NPTALL),1=1,NCURV])
CALL ENDFL{IC2FP,IC2)

% % A 3 A % M %

L R B SR

REAC {ISV) (XD(I)

vI‘leC)!

* {YC{I)yI=1,NC),
* (XDD(1),I=1,NC),

* {YCC(I),I=1,NC)
WRITELIC2) {(XC(I)y I=14NC),
¥ (YD(I)' 1=11NC)'
* {XCC{I)sI=1+RC),

% {YCC(I)y1=1,AC)

CALL ENCFL({ID2FP,102)

“REAG {ISV) ({wC{Jsl)sd=1,4)yI=1,NC)
WRITE(IC2) {{WC(JrT)ed=1y4)yI=1,NC)
CALL ENCFL (ID2FP,IL2)
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*
*
*

120

*
*
¥

*
*
*

¥

*
*

*

READ {ISV) IXeVXeIYeVYyNSXyNSY
WRITE(IR2) IXeVX,IYeVYNSX,NSY
CALL ENCFL (ID2FP,1D2)

REAL (ISv) MAPBNW
WRITE{IG2) MAPBNW

CALL ENCFL (IC2FP,IC2)

CALL POSITNCILIFP,1,1IL1,121)

CC 190 KB=1,KBLKS
M = ¥S
IF{KBLEC.KBLKS) M = ML
MNTCT = MENY
IF{KB.EC.1) GO TC 120
REACL{ISYV) (Wl{K)sK=14NY),
(W2(K)ygK=14NY),
(N3(K)vK=lyNY) ’
(hal{K),K=1yNY)
WRITECILL) (WL(K) K=14NY),
(NZ(K’,K=1,NY) ]
(h3(K)oK=1|NY)p
(W4 (K)o K=14NY)
CONTINUE
REAC (ISV) (W1l{K),K=1,M¢TCT),
{W2{K),K=1,MTCT),
IW3(K) yK=1,4NMTCT),
IWa(K)kK=1,MTCT)
WRITE(ILL) (wl(K),K=1,MTCT),
{W2({K)K=1,MT0T),
{W3{K) 4K=1,MTCT),
{(W4{K) K=1,MTCT)
IF(KBLEC.KBLKS) &GO T0O 190
REAC (ISV) (W1(K},K=1,NY),
. {W2{K) yK=1,NY},
(H3(K’0K=1.NY’9
{walK) K=1,NY)
WRITE(ILL) {Wl(K),K=1,NY),



¢t

* {W2(K)4K=1,NY),
* {W3(K),K=1,NY),
¥ (Wal{K),K=1,yNY)

190 CCNTINUE
REAB{IR,515) SVFPP
ISVFPP = INT{SVFFP)
CALL POSITN{ISVFP,ISVFEP,15V,1002)
RETURN
END
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10

CVERLAY(CVER,240)
PRCGRAM RESET

CCMFCN /7 CM4A / ICTHICTFP,T14T2,NCLyNCURV
COMMCN / CM4B / TPREVsT,INCCToNT,NTFRST
CCMNCN /7 CHMBA / NCTMX yNBTMXyNXyNY s KXo KY KWy NBT MM
CCMFCN / CMIC / ICCTLsTMXsNTMX,TMR

CCMMCN / CMICA /7 TIMA(2),TINMBL2),TIMS(2),TINT(2),TIM(2,8)
CCVMMCN / CM11 / IRy1M

CCMNCN / CM11B / ICL,ID2,IL1sIL2, ICLFP,IC2FPoILLFP,IL2FP
CCMMCN / CHM13 / ISTART,ISTOP,JSAVE,NSAVE
COMMCN / CM14 / NPRNT,IPRNT,NBUG,IBUG

CCMNMCN /7 CMSSS /7 NNyALl)
IF{MCD(NT,NSAVE).EQ.O) ISAVE = 1
IF{TeGE.TMX) ISAVE = ISTCP = 2
IF(NTLGE.NTMX) ISAVE = ISTCP = 3
IF{NTLEC.NTFRST) GC TC 10

TT = FLCAT{ICCTL) ~ TIirE(1)
TIT=TIMT(L}+T1M{1,86)

IF{TTT.GE.TT) ISAVE = ISTCP = 4
CCNTINUE

IFINTLEC.C) [SAVE = ~1
IF(NTLEQCJNTFRST) ISAVE = -1
IFINSAVEL.GE.9999) ISAVE = -1
IF(ISAVE.EC.—1) GC TC 15

NC = NC1

N =1

N2 5 N1 + NC

N3 = N2 ¢+ NC

N4 = N3 + NC

NS = N4 + NC

Ne = N5 + NC

N7 = N6 + NC

NE = N7 + NC



Lot

L K B K K BE R

Nga= N8 + NC

NS = N1
N1C» N2
Nil= N3
N12= N&
N13s N1
Nl14= N1
N153 N14
K1l6= N1S
N17= N1é
N18= N17
N1G= N18
N2C= 1
N2l= 1
N22
N23
N24 N23
N25 N24
CALL SAVE

N21
N2Z

4 H 0w

15 CONTINUE

C SET

ISAVE = -1

IF( ISTCPL.EC.2
IF{ ISTCP.EC.3
IF{ iSTCP.EC.4
IF( ISTCP.GT.O

-+ e

N

NX
NX*KX
NY
NY*KY
NX*kKX

MM

MM

MM

NC

AINL) ¢ AINZ)JAIN3) JAING) JAINS) JAINE)4AINT ) AINS),
A{NBA),

A{ND) sAIN1C) yAINIY) 4 AIN12),

A(NL3),

AINL4)dAINLD)9AINLE) yAINLIT7),A(NL18),A{N19),

A(N2C},
A{N21)YsAIN22)sAIN23)oA(N24),A(N25),
NCoNXoNY KXy KY oKW o NCURV )

WRITE{IW,610) T,TMX
WRITE{IW,62C) NT4NTMX
WRITE{IW,630) TT,777
CALL EXIT

e Wt

PRINT INCICES

IPRNT
18LG

c
C

IF(FCODINT+1,NPRNT)LEGQG.C) IPRNT= 1

e



891

IF(MCDI(NT+1,NBUG).EC.O0 ) IBLG =1
IFU(NT+1).EC.0) IPRNT = 0
IF{INT+1).EC.O.ANDJNBLC.NE.1) 1BUG=0
IFINBUG.GE.9G9S) [BUG = O
IFINPRNT.GE.SSSG) IPRNT=Q

C RESETY IC1,1IC2
ICSAVE = IC1
IC1 = ID2
IC2 = ICSAVE
IFSAVE=IC1FP
IC1FP=1D2FP
IC2FP=1FSAVE
IF{NTLEC.—1) GC TC 50

C TRANSFER *MAPBCL* FRCM *I01% TC *[02%
NXKh = NX¥KW
CALL POSITN{IDL1FP,.£€,1D01,211)
REAC(IDY) (A{1),sI=1,NXKW)
CALL POSITN(IC2FP,41,1C2,212)
WRITE(IC2) (A{I)sI=1yNXKW )
CALL ENDFL{ID2FP,IC2)

50 CCNTINUE
CALL DELTAT

610 FCRMAT(LHO,* RLN TERMINATED BECAUSE T.GT.TMX * 2F2C.10)

620 FCRMAT(1HO,* RUN TERMINATEC BECAUSE NT.GT.NTMX * 2120 )

630 FCRMAT(1HC,* RUN TERMINATEC BECAUSE THERE MAY NOT BE SUFFICIENT CP
# TIVME AVAILABLE TC CCMPLETE NEXT TIME STEP * /1X,2F20.10)

CALL TIMERUITMR,TIMS,TINB,TIM{1+2))
WRITE(I®K609C) TIM(L42)9TIM(2,2),4T,NT
6090 FORMAT(1HO,* CP,PP TIMES FOR $ RESET $ ARE (SEC) *,2F10.2,5X
$3T = * FlO.6y 4X * NT = % 16 )

ENC
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SUBRCUTINE CELTAT

C COMPUTES *DT=*

COMNMON /7 CM4 / CFyDTMX, DXYSNy DTFRST,DTCLT,DTBND,DTSTB,0DT
CCMNCN /7 CM4A / ICT,ICTFPyT1sT24NC1yNCURV

CCMMCN / CM4B / TPREV,T, INCCT NT,NTFRST

CCFFCN / CM11 / IRsIhn

COMMON 7 CM1L1B / 1D1,1C2,1L1,1L2, IDLIFPIC2FPyIL1IFP4IL2FP
NT=NKT+1l

IF(NT.EC.Q) GO TC 999

TPREV = T

CTISTB = AMINI{DTFRST,CTCUT,CTBNC+DTMX)

BDTPRV2 = T2 - TPREV
IFICTSTB.GE.{ . C©CTPRV2)) GO TC 20
IF{CTSTB.GEL{.75*CTPRV2})) GC TC 10

CT = DOTST8

T = TPREV + O7
INDCT = C

GC TC 3¢

10 CT = .5%DTPRVZ2
T = TPREV + DT
INCCTY = 1
GC TC 3¢

20 CT = DTPRV2
1=T2
INECT = 2

30 CONTINUE
WRITE(IWs61C) NToT,CTHCTFRSTH,DTBNDWyDTCUT,» INDCT
£10 FCRNMAT(1EO »¥NEwW TIME STEP BEGINS* / 1X,
3* ZIH¥ Rk ex b e bk xgx%dk, / 1HO,
*¥EX2HNT GX1HT EXZHOT 4X6HDTFRST S5XSHDTBNC SX5hDTCUT SXS5HINDCT /1X,
¥ 11Cy5F1C.6,11C )



OLT

$99 CCONTINUE
RETURN
ENC



TLT

SUBRCUTINE SAVE { X,YsLsCS9sSN,CL,C2,C3,S,

® X0eYCo XDLyYCLC,
* wC,
* IXopVXeIYaVYoNSXyNSY,
* MAPBAW,
* hloW2 W3 e Why
* NPTA,
* NCoNXgNY oKX 3KY K yNCRYV )
CCMMCN / CNM4 / CFyCTMXy DXYSNy CTFRST,DTCUT,OTBNC,CTSTB,DT
CCMNCN / CMaA / ICToICTFP,T1,T2,NC1,NCLRY
COMMCN /7 CM4B / TPREV,ToINDCT,NTyNTFRST
CCMMCN 7 CHMBB / NS yML,KBLKS
CCMFMCN /7 CHM11 / IRsIM
COMMON / CML1A /7 ISV, ISVFP
COMMCN / CM1LIB 7 ID1,IC2,1IL),1L2, ID1FP,IC2FP, IL1FP,y IL2FF
CIMENSION X{NC)oY{(NC)CINC)sCSINC)ySNINCI»C1INC) yC2(NC)sC3(NC),
SINC),
XCINC)oYCUINC)o XCCINC) o YCCUINC),
WC{44NC),

IXINX) g VXIKXogNX) o IVINY ) o VYLIKY oNY) g NSXIKXpNX)-oNSY(KYNY)
MAPBAW(KRhoNX)y

WL(1) o W21(1)oW3{1l),Wall)

CIMENSICN NPTA{NCRV)

L BRI B SN N

WRITE(ISV) CTOUT,DTBNC+ICTFPsT1,T2,NC1yNCURV,TPREVy Ty INDCT,NT
WRITE(ISV) MCYCoMXCoNYC KBLKSO4MSCoMLO

CALL PCSITN(ID2FP,2,1C2,4222 )
REAC{ID2) XyYsLsCS»SNyC1,C24C3,S
WRITE{ISV)IXsY+CyCSySN,yC19C2,C3,S
REAC({ID2) Ss+NPTA
WRITE(ISV)S,NPTA

CALL POSITNIID2FP434102,223 )
REAC (IC2) XC,YC.XCC,YEL
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WRITE(ISV) XC,YC,XCD,YCC

CALL POSITN{ID2FPy44+1C24224 )
REAC (182) wC
WRITE(ISV) WwC

CALL PCSITN{IC2FP,5,1LC2,225)
READ (ID2) IXeVXyeIYeVY/NSXyNSY
WRITE(ISV) IXeVXyeIYeVY NSXyNSY

CALL POSITN (ID2FP,6,102,226)
REAC (10C2) MAPBNW
WRITE{ISV) MAPBNW

CALE PCSITN(IL1IFP,1s1L14227)

CC 180 KB = 1,KBLKS

¥ = MS

TE(KB.EC.KBLKS) M = ML
MTOT = MENY

IF{MB.EC.1} GO TC 12C

REAR (IL1) (WLl(K)sK=14NY),

* {W2(K)sK=1,NY),
* (N3(K)QK=19NY)1
* {Wa(X) K=1,NY)
WRITE(ISV) (W1{K),K=1,NY),
* {W2{(K)sK=1,NY),
* {W3({K)yK=1yNY),
* {w4{K) K=14NY)

120 CCNTINUE
REAC (IL1) (W1(K)sK=1,MTCT),

* (hZ(K"K=l'ﬂTUT"
* (N3(K)QK=1'FTGT’9
* {W4a{K),K=1,MTCT)
WRITE(ISV) (W1(K),K=1,MTCT),
* {W2(K)K=1,MTCT),
¥ (W3LK)yK=1,MTCT ),

* (W4 {K) ¢K=1,NTCT)



130 CONTINUE
IFIXKB.EC.KBLKS) GC TO 190
REAC {IL1) {WLl{K),K=1,NY),

* (HZ(K)7K=IQNY"
* {W3({K)}yK=1,NY),
* {wa(K) K=1,NY)
WRITE(ISV) (W1(K),K=1,NY),
% (W2{K)K=1,4NY),
* (H3(K)|K=leY,'
* {W4{K)K=1,NY)

190 CCNTINUE
RRITE(IN,6CCC) TyNTHISVFP
CALL ENDFL{ISVFP,ISV)
6000 FCRMAT{1HO, * INFCRMATION SAVED , ToNT,ISVFP ARE * F20.6,2110)
RETURN
ENC

¢LT
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CVERLAY(CVER+3,0)
PRCGRAM BNCRY

COVMMCN / CM4A /
CCMMCN / CWM4B /
CCPMNCN / CNMS /
COMNMCN / CM8BA /
CCMFMCN /7 CH10 /
CGMMCN 7 CMICA
COMNMCN /7 CH¥11 /
CCMMEN / CMGSS  /
IFINTL.EC.C) GC TG
MM1 = MM + NY

NP = NC1

Nl =1

N4 3 N1 + 12%NP
NS 3 N4 + 3%NP

Ne = N5 + 3%NP

N7 = N6 + 3%NP

N8 = NT + 6%NP

NG = N8B + G6#%NP
N1C = N9 + NP

N11 = N1IC + NP
N12 3 N11 + NP
N13 = N12 + NP
N1l4 5 N13 + NP
N15 = N14 + NP
N1& = N15 + NP
N17 = N1& + NP

ICT,ICTFP,T1,T2,NC1yNCLRV
TPREVs Ty INBCT NT4NTFRST

END,ENCISC

NCTMX o NBTMX g NXpNY g KX g KY g KWy NBT,) MM

ICCTLyTMXoyNTMX,TMR

TIMA(2) o TIMB(2),TINS(2))TIMT(2),TIM(2,8)

IRy1IW
NNsA(L)
S99

CALL BNDGOM { A{N1)},»A{N4),AINS),A(NE),
AINT)y A(NB),

A(NS)y AIN1O)y A(N11l)},y A(N12),
A(N15),s A(N1E), AIN1T),

N1
N2
N3
N4

o Ba

1

Nl +
N2 +
N3 +

4%NP
MM1-
MM

NP )

A(N13),

A{N14),



Bes

GLT

¥
*

N5 = N4 + MM]
N6 = N5 + MM]
N7 5 N6 + NX
N8 * N7 + KX#NX
NG = N8 + NY
N1C = NG + KY%NY
N1l = N1C +KX*NX
CALL BNDINT { A(N1),
N = 1
N2 = N1 + 36%NP
N3 = N2 + 3%NP
N4 3 N3 + 3%NP
NS = N4 + 3#NP
Né = N5 + NP
N7 3 N& + NP
N8 5 N7 + NP
CALL BNDRED { A{(N1).,
A{NS),
NG = N8 + NP
N1IC s N9 + 4%NP
N1 = NI1C + 4%NP
N12 = N11 + NP
IF ( BNCJEC.L )
*CALL BND1 { A(N1),
A{NS ),
A{NSG ),
N12 = NIC
N12 = N9
N1l = N2
NIC = N2
NL =1
N2 = N1 + NP
N3 = N2 + NP

AIN2)s A{N3),AIN4), AINS
A(NB)2AINT)9A{NIC) sA(NLIL)y MML,NPyKX¢NXyKYyNY )

A{N2)y AIN3)» AlN4Y,
A(NT)y A(NB)Y, NP

AINE),

A{N2),
A(NG6)
A(N1O),

A(N3)y A(N4),
AINT)s A(NB},

A(N11),

A(N12),

)

)

NP,

A(NE)s AINT),

NCURV )
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N4 = N3 + NP

NS =5 N4 + NP

Ne = N5 + NP

N7 = N6 + NP

N8 3 N7 + NP

NG = N8 + NP

N14 = N9 + NP )

CALL BNOWRI ( A{(N1l), AIN2), AIN3), A(N4),
* ' A(NS),y, A(NEYy A(NT)y A{NB), AIN9I),
* AIN10),A(NL1)+AUINL2)9)A(N13),AIN14)y NP )

S99 CCNTINUE

CALL TIMER{TMR,TIMB,TIMA,TIM{1,3))
WRITE{IK+6090) TINM{1+3),TIM{293),T,NT
&€C90 FCRMAT(1HC,* CP,PP TIMES FCR $ BNCRY $ ARE (SEC) *,2F10.295X
$*T = % Fl0.6y 4X * NT = % 16 )

ENC
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SUBRCUTINE BNDGCM ( WCP,COSN»SINN,CUR,

%
*

XeYy
XPyYPyDPoCSPoSNPsC1PyC2P4C3P,SPy NP )

C FINDS CCG-0ORDS CF 6*%NP PCINS. SCRTS THEM CUT. STORES THEM FOR BNOINT
C FINDS (k) FCR 2*#NP PCINTS AND STCRES THEM IN *WCPl,WCP3%
C COMPUTES COSN,SINN,CUR

COFFMCN
CCMMEN
COMFCN
COMMEN
CCOMNCN
CCMFON

NN NN NN

cM2 / INXWINY,»YZ4DXyCY0S,DNy RCXyRDY,ROS,RDN
cMY / TCLS TCLXsTCLCBTCLCF,TGLSCL

CM8A / NCTMX NBTNXy NXoNY oKX yKY s KWoNBTyM¥

crpBB / MS,ML,KBLKS

CM11 / IRy Iw

CM11B / ID1,IC2,1IL1,1L2, IC1FP, IC2FP,ILLFP, IL2FP

CIMENSION WCP{4,34NP),

%" % N *

XPUNP) ¢ YPINP)CPINP) 4CSP(NP)SNPI(NP),
CLPINP) yC2P(NP)yC3PINP)ySPINP),
X{6:NP)yY(69NP),
CCSN{3,NFP)»SINNI3I,NP) oCUR(3,\NP)

COMMON / BNOLCL /7 INDB(3)

C REAL CCANTP

Ic1(2)

CALL POSITN ( ID1FP,2,IC1,311 )
REAC(ID1) XP4YP,DPyCSP+SNP4CL1PyC2P,C3P,SP

C READ WCP2

ICL1(4)

CALL PCSITN ( IDLlFPy44,101,312 )
REAC(ICL)({{ WCF(Ks291)3sK=194)yI=1,AP)

C FIND X,¥Y CC—CRCS OF PCINTS 5,8 CORRESPCNCING TO EACH CCNTCUR POINT

CC 9C I=1.NP

IF{1.EC.NP) GO TC 10

CALL NRMCUR(C4+sCSP(I)sSNP(I)4C1P(E1+C2P(T)4C3P(I)sCSySNsCUR(2,1))
IF({I.EC.1) GC TC 2¢C

Inn=1-1




QLT

CALL NRMCLR{ DP({I1),CSPIIL)¢SNP{I1),C1PII1),C2PLIL1),C3PIIL),
¥ CLV4DUM,CURR)
CUR(241) = 5%{CUR(2,I) + CURR )}
GC T1C 2¢
1C N = NP -1
CALL NRMCURI(DPUIN) yCSPIN) ¢SNP{N)oCLPIN)}»C2P{N)C3PIN),CSySN,

* CLURI(Z2y1))
Cs = 0.
SN = 1.
cC T1C 30
2C IF(IaNEL1) GC TC 3C
Cs = 0.
Sf\ = -1.
30 CNCCSE = CN*CS
ENSIN = DN%SN
XX = XPI(1)
YY = YP(I)
X(2,I) = XX + DNCCS
X(5,1I) = XX + 2.%LCNCCS
Y{(2¢1) = YY + CNSIN
Y(S5,1) = YY + 2.%DNSIN
CoSN[2,1) = CS
SINN{2,I) = SN

90 CONTINUE

C FIND CC-CRDS CF PCINTS 447 CCRRESPCNCING TC EACH CCNTCGLR PCINT
CC 290 L=L,3
GC TC {1C1,102,103),L
101 CCN s 1.
Jxyli= 1
JXY2= 4
INCB(L1) = NP
GC T1C 11C
102 GC TC 29C
103 CCN = -1,
JXy1=3
JXY2=6
INCB(3)=1



3
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110 CCNTINUE

£C 1S90 I=1sNP

ARC 5 SP{I) + CON*CS

CALL ALL{ NPyXPyYP,DP,CSP,SNP,C1P,C2P,C3P,SP,TOLS,TOLX,
* ARCy J9S1yS2+SGNyCSeSNyCURVyXXyYY )

Jl1 = J + 1

CLRILsI) = CLRV

ONCGS = DN*CS

CNSIN CN*SN

X(JdXYLyI) = XX + CNCCS
X(JIXY2,1) = XX + 2.%DNCCS
Y{JXY1ly1) = YY + CNSIN
Y{JXY2,1) = YY 4 2.%DNSIN

CC 150 K=1l,y4

15C WCP{KyLoIl) = S2%WCP(Ky29J) + S1%WCP(Ky2,J1)
IF(SEN.EC.1.)GC TC 180
CsS = -CS _

WCP{2¢Ls]) = —wWCP(24L,1)
IF(LEC.1) INDB(L)=MINCUINCB(L),I)
IF{L.EQ.3) INDB(L)=MAXCIUINDB{(L),I}

180 CCNTINUE
CCSNIL, 1)
SINN{L,I)

190 CONTINUE

290 CCNTINUE

cs
SN

CALL POSITN ( ID2FP42,IC2,313 )
WRITE{IC2)({(WCP{KoyJsl) e K=1p&)oyI=14NP)yJ=1,3),COSN,SINN,CUR
WRITE(IC2) {WCP{4,2,1),I=14NP)
CALL ENCFL(ID2FP,1ILC2)
C SORT CUY POINTS ANC WRITE (IsJsX,Y) CN IC2(3)
NPTSE = C
IBLKND = -1
CC 7C0 K8 = 1,KBLKS
¥ = ¥S
IF(K.EQ.KBLKS) M = ML
KLEFT = (KB—-1)*MS§S
IF(KBLEC.Y) KLEFT =1
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KRGHT = KB*MS
XLEFT = FLCAT{KLEFT - 1)%*CX
XRGHET = FLCAT(KRGHT — 1)*DX

CO 6CO [=1,NP

CC €CC J=1,6

XX = X{Jdy1I)

IF(XXLT.XLEFT) GO TO 6CO0

IF{XX4GE.XRGHT) GC TC 6CO

JJ = J + 3

NPTS = NPTS + 1

WRITE(ID2) JJel o XXsY(Jdsl)
€00 CCNTINUE

WRITE(ID2) IBLKND,IBLKND,IBLKND,IBLKND
700 CCNTINUE

CALL ENDFLI(ID2FP,ID2)
NPE = 6%*NP
IF(NPTS.EC.NP6) GC TC 8CQ
WRITE(IWs750) NPTS,NP&
750 FORMAT{1HC,*ERRGR I[N BNCGOM NPTS,NP& ARE* 216)
CAatLL EXIT
800 CCNTINUE
RETURN
ENC
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SUBRCUTINE BNDINT(WMCP oW1l yW29W3 WAy IXsVXy LY VY NSX,NSY,
* FMELINP oKXy NX9KY4NY )

C THIS SUBROUTINE COMPUTES #*w* AT POINTS 44546279849 OF THE 9 POINT GRID
c ASSCCIATEL WITH EACH BCUNDARY PCINT

C STATEMENT FUNCTIONS

XMESHLT)
YMESH({J)

FLCAT({I-1)*CX
FLCAT(J-1)#*DY - Y

CCMMON / CM2 / INXyINY,YZ+DXsLYSDSHONy RCXyRDYRCS,RON
COMMCN / CM88B / MS,ML,KBLKS

COMNCN / CM11 / IRyIh

CCMMCN /7 CM11B /7 ID1,IC2,1ILY,IL2, IC1FP,IC2FP,IL1FP,IL2FP

CIMENSICN W1(MML) o W2{MVL) W3 IMML)sW4(MM1) WCPL4NP),
* TIXONXY o VX{KXgNX) 9 TYLNY ) g VY {KYoNY ) g NSX{KXoNX)sNSY{KY4NY)
CIMENSICN WP{4) WQ(4) WR{4)sWS{4)sWH{4) WV {4) s WANS(4)

CCMNCN / BNDLCL /7 INDBB(3) '

8T

C READ #* IX,VXeIYyVY)NSX,NSY & FROM IC1(S)

CALL PCSITN ( ID1FP+5,IC1,321 )
REACC(ID1)} IXeVXeIYsVYSNSX,NSY

POSITICN *IL1%* TC REAC *WlyW2eW3eha¥*
*102% TC REAC *I9JeX,Y¥*
¥*[D1% TC WRITE *1+J, WANS{4)

g NaXel

CALL PQSITN ( 1C2FP,3,1C2,322 )
CALL POSITN ( IL1FP,1,IL1,323 )
CALL PQSITN ( ID1FPy4,ICL1,324 )
READ(ID1I)IWCP

CALL POSITN(IDLFP,441ID1+325)

C THIS IS THE CC LCCP CVER THE LAX-WND BLCCKS



cgt

LC SCO Ke=
C.READ * Wl W24W

M = MS

IF ( KB.EC
Kl = 1

K2 = NY

K3 3 K2 +
K4 = M-+
"IF{KB.EQ.1

REAC(IL])
%*

*
*

CALL FSR({(1

2 READ{IL])

%
%*®
*

I1 = (KB-—-1

C READ IPT4JPT,

5 REAC{1D2)
IF(IPT.LT,

C FIND LOWER LEF
IP = INT(X

JP = INTI(
KP = (IP -

19KBLKS

k4 *

+KBLKS ) M=ML

1

1) %NY

Yy GO T0 2
(W1(1)eI=K1,K2},
(NZ(I)’[=K11K2)'
(W3{TI)eI=K1leK2),
{(Mall)yI=K1yK2)
oIL1,IERR)
{WL{I)y[I=K3,K4),
(W2(1),[=K3,4K4),
(W3{1)yI=K3,K4),
(Wall),I=K3,K4)
) ¥MS

Xs¥Y FRCM ID2(3)

JPTIPToX,Y
€) GC 7C 9CO

T HAND CCRNER [P,JP OF CELL IN WHICH {X,Y)

¥*RDX) + 1
Y+YZ)*RDY) + 1
I1)*NY + JP

KC =KP + NY

KR =KQ + 1
KS =KP + 1
INC = 0
INCX = C
10 WP(l) = Wl

(KP)
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20

30

40

45

50

6C

WP(2) = w2(KP)
WP{3) = KW3({KP)
WP{4) = W4(KP)

IF(wP(4).NE.—2.) GC TC 20

IND = INDC + 1

IF(WQ{4).NE.~-2.) GC TC 30

IF(WR(4).NE—2.) GC TC 40

IFIWS(4).NEa—2.) GC TC 45

FORMAT{1HO,%ERROR IN BNDINT¥*)

IX = (X — XMESH(IP))*RDX
IY = (Y = YMESH(JP))*RCY

INCX =1

WC(1) = w1{(KQ)
WC(2) = W2(KQ)
WC(3) = W3(KQ)
WC{4) = wa(KQ)
INC = INC + 1
INCX = 2

WR(1) = W1({KR)
WR(2) = wW2(KR)
WR{2) = K3(KR)
WR{4) = H4(KR)
INC = INC + 1
INCX = 3

wS{1) = WL({KS)
WS{2) = w2{KS)
®S(3) = w3I(KS)
WS(4) = W&(KS)
INC = INC + 1
INDX = 4

IF (INC.LE.1l ) GC 1C 6C
WRITE(IW,5C)
CALL EXIT
IF(IND.EC.1) GC TC 1CC
le = 1. - ZX
Y1 = 1. = 1Y
cp IX1*¥72Y1

€CC s 2Zx * 1Ivl

-
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70

100

CR = IX *7Y

CS = IX1*2Y

LC 7C K=144

WANSCK) = CP*WP(K) + CQ*WQ{K) + CR¥WR(K)
GC TC 8CC

XLC = XMESH(IP)
XHI 5 XMESH{IP+1)
YLC = YMESH(JP)
YHI = YMESH{JP+1)
ICCRN = [P

JCCRN = JP

FF( INDX.ECe2 +OR. INCX.EQ.3) ICORN=IP+]
IF(INDXeECe3 o«CRe INCXeECQCs4) JCORN=JP+1
XCCRN = XMESH{ICCRA)

YCCRN = YMESH{JCCRN)

IX = RDX*¥ABS(X-XCCRN)

IY s RDY*ABS({Y-YCCRN)

C FIND HCRIZONTAL INTERSECTICN AND WHIK)

110

12C

13¢C

KMAX = TY(JCCRN)

BC 110 K=1,KMAX

XX = VY({K,JCCRN)
IF{XLO.GTXX)GC TC 110
[F(XKI.LT.XX)GGC TO 110
GC TC 12¢C

CCNTINUE

CALL EXIT

NSYN = NSY{K,JCCRN)

IC = MOD(NSYN,1CCCC)

IC1 = IC + 1

S1 5 (1.E-08)*({FLCAT{NSYN/1CCCO))

$2 = l. = S1

CC 130 K=144

WH(K) = S1*WCP(K,ICl) + S2*¥WCP(K,IC)
IH = ROX*ABS (XX-XCCORN)

+ CS*WS(K)
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C FIND VERTICAL INTERSECTICON ANC WV(K)

KMAX = IX(ICCRN)
£C 21C K=14KNMAX
YY = VXIK,ICORN)
IF(YLC.GTaYY)} GC TC 21C
IF{YFILLT.YY) EGC TC 21C
GC TC 22¢C
210 CCNTINUE
CALL EXIT
220 NSXN = NSX{K,ICCRN)
IC = MOC(NSXN,1CCCC)
IC1 = IC + 1
€1 (1.E-0BY*({FLCAT{(NSXN/10C0C))
§2 le = S1
LC 230 K=1,4
23C WVIK) = S1®*WCP{K,ICLl) + S2*wCP(K,IC)
Iv = RDY*ABS{YY-YCCRN)

C CALL PCL3 HERE

IF{INCXoEQeL)CALL PCL3(WL yWRoWSoZXyZY yWEyWV9ZHeZV,WANS)
IF{INCXWAECL2)CALL PCLI(WR WS WPy 2ZY 4 ZXymVywHsZV9ZH,wANS)
IF{INDXaEGe3)CALL PCL3{WS WPy WCyZXyZYyWHyWV9ZH9ZVyWANS)
IF{INDXSEC.4)CALL PCL3(WP+WCoWRyZY sy ZXyWVollyZVsZHysWANS)
8CC CCNTINUE
GO TC (9C0,9C0,SCO,
% 810,8G9,83C,
¥ €10,859,83C ),JPT
810 IF(IPT.GE.INDBI(1)) GC TC 898
CC TC ass
83C IF(IPT.LE.INDB(3)) CGC TC 8S8
GC TC BGS
898 WANS(2) = — WANS{2)
896 WRITE(IC1) JPT,IPTywANS
GC TC 5
GCC CCNTINUE
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CALL ENCFL(ICLFP,ICL)

RETURN
ENE



yRe3)

SUBRCUTINE BNCREL( WCPPCCSNsSINAN,CUR,
% XDsYCoXCLCH»YLCs» NP)

C FLILLS IN ARRAYS IN REACLNESS FCR BOUNCARY UPCATE SCHEMES

CCVMMCN /7 CM11IB  / ICL,IC2,ILL1,IL2, IDLFPyIC2FP, IL1FPy IL2FP

CIVENSICN WCPP(44G4NP),CCSN{34NP),SINN(3,NP)+CUR(3,NP)
* + XD{NP)»YCUINP) yXCD{NP) YCC(NP)

CALL PCSITN{ IC2FP,2,IC2,331 )
REAC({ID2) ((WCPP(Kylyl)sK=144)9I=14NP},

* [IWCPPIK4241)sK=1p4)s[=1,NP),
* ({WCFP{Ks3y1)sK=1y4)2I=14NP),
* COSN,SINK,CUR

CALL PCSITNDU ICL1FP,4341IC1,332 )
REAC{ID1) XD,YD,XCC,YCC

CALL PCSITN ( IC1FFPs4,1IC1+3233 )

10 REAC(IDL) JoIsWCPP({19Jdyl)syWCPP(2+Jy1)oWCPP{34J,I) WCPPl4yJ,sl)

IF{ECF+IC1l) 20,1C
2C ICIFP = 5

RETLRN
ENC
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%*
*

C INMPL

#* 3 ¥ ¥

SUBRCUTINE BNDL{WCP,CCSNySINN,CUR,

EMENTS

COMNMCN
CCVMMCN
CCMFCN
CCOMNMCN
CCVMCN
CCMIMON

XCo.YCoXCC,YLCLC,
WCoWSsSeNPTA, NPy, M )

BCUNDARY SCHEME 1

Cv2
Cr3A
Crsg
CM5
Cv1l
Crvllg

T N N

NN N

INX9ZNY ¢YZ DX yCY LS yDNy RDXsRUYyRLCS,RDN
CT1,CT2+CT3,4CT4,CT5,CTE62CTT9(T8

CFsCTMXy CXYSNy CTFRSTLCTCUT,OTBNC,CTSTB,DT
BNDBNDISC yBNDPRN

IRy M

IC1,1C2,1IL1,IL2, ICLFP,IC2FP,IL1FP,IL2FP

CIMENSICN WCP{4,9,NP)CCSN{3yNP)},SINN{3,NP),CUR(34NP)},
XDINPYyYCINP)XCCINP),YCCINP),

WC {4 yNP) sWS(44NP),

N("pg)'F("'g’yG(‘!'g)'H(‘Olg)v

WAR(4) yWBHT4) s WCHI4) yWCH{ &) yWEH{4) yWFH{4) ¢W2H{4),WSH(4)
CIMENSICN S{NP)NPTAL(M)

IF(BNDISCL.EC.Q.)GC TC 4
CALL PCSITN(ICLIFP,2,4IC1,331)

REAC({ICL)
REAC(ID1) S,NPTA
CCNTINUE

CNAF = L25%RLN
CNBF = L.25%RDN
CNCF = RCN
CANCF = L25%RCN
CNEF = REN
CANFF = L25%RCN
CNSF = L5C*RCN
CN2F = 50*%RDN
CC 1CC I=1,NP

$ CNAG = RDS
$ CNBG = RCS
$ CN2G = .50%RDS

IF(BNCISC.EC.C) GC TC 6
CC 5 L=2,¥
[F(I.EQ.NPTA(L)Y) GC TC 1CO
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5 CCNTINUE
& CONTINUE

CS = COSN(2,1)

SN = SIMN(2.1D

AL = 0.

ALL = CS*XD(I) & SN*YC(I)
ALCC = CS#*XLC (1) + SN#=YCDI(D)
AGD = CS#*YD(I) = SN#XD(I)
AGCL = CS*YCL(I) — SN*xCC(I)

IF(BNDPRN.NE.OQ)

*WRITE(IWy2C1) I1+ALD.ALCC+AGLAGCLE, i

* CCSN(19I)oCOSN{241),CCSN{341)»

* "SINN(1,1),SINN{2,1),SINNI(3,1),

* CLR{1sT)4CURI2,1I)+CURI3,1I)

201 FCRMAT(///% BCUNCARY PCINT *,144/% ALC+ALCC,AGDIAGCD *,4El4.4,

* /* COSNL,COSN2,CGSN3 *,3El4.4,

* /% SINN1,SINNZ2,SIKN3 *,3E14.4,

* /% CURL,CLR2,CLR3 *93El4.4 )
CC 1C J=1,9
JM1 = J ~ 1

J1 = 1 + MCO(JM1,3)
ETA = DN*FLCAT(JM1/3)
CALL WFGH{WCP{19Jsl)sCCSN{JLyaI)oSINN{JULyI)yCUR(JLNI),
* ETASALyALDyALCCoW{19J)pF{1yJ)sGlLled)eH{Lled))
10 CCNTINUE

IF (BNDPRN.NELC)
$WRITE(IW202) ({w{Kyd) sFIKsJd) sG(KpJ)yHIKed)pK=1y4)9J=1,9)
2C2 FCRMAT{/* WeFysGyH */(4E1l4e4))

CLR2 = CURI{2,1I)

CNCC = .25%RDS/(1l. ¢+ Ca5%CN%*CLR2)

CNEG = RCS/{1l. + C.S*CN*(CUR2 + CLRI(3,I[)))
CNEG = «25%RDS/(l. + 1.5%DN*CUR2)

CAFG = RCS/{1l. + C.S5%CN#{CUR2 + CLRI(1,1)))



061

CN5G
CTH =
CSBAR
CCN

cC
hl
W2
W3
k4
W5
LY.
LY
W8
LY

(@]

[ O T TJN T N IO T S | R 1 I -

WCP15
wCP25
WCP35
WCP4S
WCP12
wWCP32
wCP42

= L50%RCS/(1l.

+

CN*CUR2)

= {CLR(Ll,I) — CUR(3,1))%.5%RECS

«S%0T
CTH#RCS*AGLC

K=144

W(K,1) $ Fl
WiKy2) s F2
WiKye3) $ F3
Wi{Ky4) $ F4
W{K,y5) $ FS5
WiKy6} $ Fé¢
wW{Ky7) $ F7
W{Ky8) $ F8
W{K,9) $ FS
= H{l1l,5)

= W(2¢5)

= h(3,5)

= W{4,5)

= Wi{ly2)

= h(3,2)

= W(4y2)

[/ T IR T R I T I T

FI{Kyl)
F(K,y2)

FIKy3).

FilKy4)
F{Ky9)
F(Ky6)
F(Ke7)
F(K,8)
F{K,9)

[ B AR BRI

Gl
G2
c3

G5
Cé
c7
G8
GS

G(K,yl)
G(Ky2)
G{K,3)
G{Ks4)
G{K,y5)
G{K,y6)
GlK,7)
G(K,8)
G(K,49)

[ B B B R

Hl
H2
H3
H4
HS
Hé
H7
H8
HS

H{K,y1l)
H{Ky2)
E(Ks3)
H{Ky4)
H{K,5}
FElK,y6)
F(K,7)
HI{K,8)
F{K,9)

LI T T | I T T T T T I 1}

WFH{K)=e5% (WS+W4 )-CTH*(CNFFX{FT7+FB-F1-F2)+CNFG*(G4—~G5)+.5%(H5+H4))
+ CCN%¥{h4~w5)
KOR{K)=o5% (WS +W6)—CTH*(CNDF*(F8+F9—F2-F3)+CNLCG*[G5-G&)+. 5% (HS5+HE )} )
+ CCN®(5-w6)
WEF (K)=oS5% (WS+n8)~CTH*(CNEG*(GT7+G4~GI9-GO6)I+CNEF*[F8~F5)+,5%(H5+H8))
+ J25%CCONX (W7 + W& — W9 — W6
WCH(K)=.5% (WS+W2)-LCTH*{CNCG*{G4+G1l-G6—C3 ) +CNCF*(F5—-F2)+.,5%(H54H2))
+ J25%CON* (W4 + Wl = W3 - W6 )

*
*
%®
%*

WSH (K
%

)= (W5

}-OTH*(CN5G* (G4
+ JSO*CCN*¥(W4 — WE)

IF(K.EC.2)GC TC 40
WAH{K)= 5% (W24W1)—DTH* (CNAF*{FL4F2+F4+F5)+CNAG*(G1-G2)+.5%{H2+H1))

*

+

CCN*(W1l - W2)

-G6

)

J+CNSFX(F8-F2)+ {H5S ))

WBF(K)=oS%(W24+W3)—CTHX*(CNBF*{F2+F3+F5+F6)+CNBG*¥(G2-G3)+.,5%(H2+H3))



s + CON* (W2 - wW3)
heH{K)= (W2 }-CTH*(CN2F*1F2 +F5 J+CN2G*(G1-G3) + (H2 })
* + +SORCONS (WL ~ w3) :
40 CONTINUE
‘h2H{2)=.5%WCHI2)

IF(BNDPRN.NEL.O)
*RRITELIW9203) (W2F(K) 9y WSH{K) yWAHIK) s WBH(K),
* WCE(K) yWCHIK) ¢ WEH(K) ¢ WFHIK) yK=194)
203 FORMAT(/* HALF TIME-STEP RESULTS */(8El4.4))

ALE = ALC#CTH ¢ S*ALOC*CTH*DTE
‘ALCH = ALC + ALDD*DTH
AGH = AGC*0TH .+ ..5%AGCC*DTH*CTH

AGCF = AGD ¢ AGCC*CTH
CCNH = CT*AGDH#RDS
CUR2 = CUR2 + CSBAR*AGCH
5 RI=WCH(1) $ W2=wCH(2) $ W3=WCH(3) $ W4=WCH{4) $ RWl=1./Wl
= W1=ABS(W1)
FCl = w2
FC2 = CTI*(nl**CT2)%W4 + W2¥W2#RWL
FC3 = W2E*W3I*RW]
FC4 = W2*K4*Rh]
R1=WEH(L) $ W2=WEH(2) $ WI=WEH(3) $ W4=WEH(4) . § RW1=1./NWl
h1=ABS(W]l)
: FE1L = w2

‘FE2 = CTI*{Wwl**CT2)%n4 + W2*W2*RW]
FE3 = W2*W3*Rhl
FE4 = W2*W4*RAL

Wl=kAH(L) - § WKI=hAH{3) $ WasWAH{(4) § RK1=l,/Wl
WAL=hAKH{Ll) § WA2=WAKH(2) $ WA3=WAE(3) $§ WA4=WAH(4)
al=ABS{Nl)

| CAl = w2

! CAY = CTLI*(n1*2CT2)%h4 + WILN3I*RM]
‘GA4 3 WICYLERNW]
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Wil=WBH{l) $ W3=WBH(3) § W4=wBH{4) $ RHKl=1l./Wl
WBI=WBH(1) $ WB2=wBHI[2) $ WB3=WBH(3) $ WB4=WBHI(&)
W1=ABS{W1)

GBl = W3
GB3 = CTLI*(WLl**CT2)%W4 + W3*W3#RWl
GB4 = W3*W4%RW1

Wl=WCH(1l) $ W2=wDH{2) $ W3=WDH(3) $ W4=wDH(4) $ RWl=1./Wl
WC1=WDH{1l) $ WC2=WCH(2) $ WD3=WCOH(3) $ WL4=WCH(4)
W1=ABS(wl)

GC1l = W3

CC2 = WZ2*W3%RW1

GC2 = CT1*(w1*¥CT2)%*w4 + W3*W3I%XRWI
GC4 = W3*W4*RW1

Wil=WFH(1) $ W2=WFH{2) § W3=WFH{(3)} $ Wa=wFH{4) $ RWl=l./Wl
WFl=wFH({1) % WF2=WFH(2) $ WF3=WFH{3) $ WF4=WFH{4)
W1=ABS(W1)

CF1l 5 W3

GF2 = W2%W3%Rwl

GF3 = CT1*(W1**CT2)*%W4 + W3%*W3#RWl
GF4 = W3*W4*RW1

FACS = 1./{1. + CLR2*(ALE + CN))
FACTS = FACS*CLR2
LN = WSH(2)/WSH(1) + ALDH

F51 = FACTS*UN*{WSHk(1))

F52 = FACTS* (UN*WSH(2) = WSH{II*WSH{3}/WSH(1)) + WSH(1)*ALDD
HS3 = FACTS5%UN*(2.%W5H{3))

+S54 = FACTS*UN*(WS5K(4))

FAC2 = 1./(1. + CUR2%ALH)
FACTZ2 = FAC2*%CUR2

UN 3 W2H(2)/Ww2H(1) + ALCH
K21 FACT2%UN*{W2H{1))
H23 FACT2*UN#{2.%W2H(3))



H24 = FACT2#UN®*{W2H{4))

CTHF = OT

FACT2 = FAC2*RCS

FACTS = FACS*RCS

w51 = WCP15 —CTHF*{ (FE1-FC1)*RCN + FACTS*(GFL-GCl) + H51)
* + CCNH*{wF1-WC1)

W52 = WCP25 ~DTHF*((FE2—FC2)*¥RDN + FACTS*(GF2-GD2) + H52)
* + CCONH#*{WF2-WC2)

W53 = WCP35 —CTHF#{{FE3—FC3)*RDON + FACTS*{(GF3-GD3) + H53)
* + CCNH*(WF3—-ul3)

WS4 = WCP45 ~CTHF*{ (FE4-FC4)*RON +FACTS*(GF4—-GD4) + H54)
* + CCNH*{WF4—nC4)

TF{BNDPRN.NE.O)
#WRITE{6+205) ALHJALDHsFC14FC2+FC34FC44FEL1,FEZyFE34FEA4,

» GAl,GA2,GA3,GA4,GB1,GB2,GB3,GB4,
* GC1,6D2,G03,G6D4,GF1,GF2,GF3,GF4,
* FS1yFKS529H53,H54,H21,H22,H234H24
3 205 FCRMAT(//% ALH,ALCH #*,2El4.4,
W * //7% HALF TIME LEVEL FoGyH #*,/(4E14.4) )
WC{lyI) = WCP12 —CTHF*({ FCL*RON + FACT2%{GAl1~-GBl) + H21)
* + CONH*{WA1—-WB1)
WC(2,1) = w52/3.
wC(3,I) = wCP32 -CTHF*{ FC3*%*RON + FACT2#%*{GA3-GB3) + H23)
* + CONH#*{WA3~-4WB3)
WCl4,I) = WCP42 ~CTHF*{ FC4%RCN + FACT2%({GA4-GB4) + H24)
* + CCNH*{wA4—wB4)

IF(BNDPRNJNE.C)
SWRITE{IW»2C4) (WCI(K,I)sK=1,4)
204 FORMAT(/* FULL TIME-STEP RESULTS #%/4El4.4)

WS{lyl) = 5%(2.%wC{1,]) - W51)
WS(3,I) = J5¥(3.%wC{3,1) - W53)
WS{4yl) = 5%(3.%WC(4,]1) — W54)
wS(2,1) = .C
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100

200
300

35¢C
4C0O
410

ALC = ALD + DT*ALCC

CALL BWTCW { WC(LoI)ewC(LsoI)sCSySNyALD )
CALL BWTOW ( WS{LloI)sWS{1ysI)sCSySNyALD )
CONTINUE

IF(BNDISC.EC.0.)GC TO 4140

CC 400 I=1,NP

CC 2C0 L=24M

IF(ILEQ4NPTA(L)) GC TO 3CO

CONTINUE

GC TC 4CC

RR=1./(S(I+1)=-S(I-1))
RAT1I={(S(I)-S{I-1))*RR
RAT25(S{I+1)-S(I))#*RR

CC 350 K=1,4

WC(KyI) = RAT2%WC(K,1-1) + RATI#KC(K,I+1)
WS{KyI) = RAT2¥WS(KyI—-1) + RAT1*wS(K,I+t1)
CCNTINUE

CONTINUE

RETURN
END
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*
*

SUBRCUTINE BNCWRI ( Wl,
PRES,y TEMP, VSURF, AMLOCL,

CCSNySINN,

C PRINTS BCUNCARY VALUES

10

20

3C

*
L

COMNECN / CM3A

CCMMCN / C

CCMMCN /7 CMII
CCFMCN / CM11B

M4

/ CT14CT24CT3+CT4yCTS4CTECTT,LT8,CTY

/ CFyCTVXy DXYSNy CTFRSTHOTCLT,DTBNC,DTSTB,DT

/ IR,1IW

CIVMENSICN WL1(NP)y W2(NP)

RCT = 1./D
K =1
CMAX=0,

PRES(NP),

CCSN{3,NP),y SI
CIVENSIGN WP4(NP)

T

W2y W3,y W4,

WCy WS,y

/ IDLyIC24IL141L 2,

WP4, NP )

IDIFP,ID2FPIL1FP,IL2FP

v W3INP)y W4INP),

TEMP(NP)y VSURF(NP),

NN{3,NP),

CALL POSITN(ID2FP,2,1C2,353)

REAC(1D2)

REAC{1D2) wP4

CCNTINUE

CC 1C0 I=1,NP

IF { KsEC.2 ) CGC TC 20

RO = Wl(I) = wCl1,I)
RU = wW2{l) = WCI(2,1])
RV = w3(I) = wC(3,1)
E = W&all) = WC{4,I)
WP4(I) = RCT*(w4l(I) — wP4(I))
¢C TC 3¢C

RC = Wl{I) = WS{1l,1)
RL = W2({1) = WS(2,1)
Rv = wW3lI) = wS(3,I1)
E = wal{l) = WS(4,I])
CCNTINUE

RR = l./RC

L = RR#*RL

V = RR%*RY

VELZ2 = U*LU + v*v

WC{4,NP),

ce,

AMLCCL{NP)y CP(NP),
WS(44NP)

g
-
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VEL = SCQRT{VEL2)

PRES(I) = E + CT3*RC*VEL2

VSURF(I) = V*CCSN{2,1) — U*SINN(2,1)
CP(I} = CT8»{PRES(I) - 1l.)

PRES{IL) = 1. + CTS*{(PRES{I)-1.)
RCUN = 1o ¢ CTSH(W1(]I) =1.)
TENP(I) = PRES{I)/ROUN

TINNMP = ABSITENMP{I)) .
AMLCCL(I) = CTT*VEL/SQCRT(TTMMP)

IF(K.EQ.2) GC TC 1CO

INC=C

IF(WI{I).LT.0.) INC=1
IF(PRES(II).LTLC.) INC=1
IF(TEMP(I).LT.0.) INC=1
IFLIND.EC.C) GC TC 40

RC = WL{(I) = WCl1lyl) = 5%{WC(1yI-1)4wC(141+1))
RL = W2{I) = WC(241) = 5% {WC(2,I-1)+wC(2,I+1))
RV = W3(I) = WC(3,1) = 5%(WC(3,I-1)+nWC(3,I+1))
E = Wall) = WCl4,1) = 5%IWC{4,I-1)+WC{4,]141))
GC T1C 1cCC

40 CONTINUE
TEMFP = E/RC + CT3I*(RU¥RU+RV*RV)/{RC*RC)
IF{TEMPP.LTLC.) CC TC 1CO
CNChw CT4%*SCRT(TEMPP) + VEL
CvaX AMAXL{CMAXCNCh)

H

10C CONTINUE
CTEAL = CXYSN/CwMAX
[IF(KeEQal) WRITE(IW,61C)
IF({KJEQ.2) WRITE{IW,62C)
IF(K.EQ.1)
*WRITE{Ine€3L) ( (Towl{I)ow2(T)owW2(I)ywa(I),PRES(I),
¥ TEMP(I) VSURF{T}AMLCCL(I)CPUI)sWP&4(L)yI)yI=1y4NP)
IF{XK.EG.2)
*WRITE(IWy632) ( (Iswl(I)yw2(I)sW3(T)ywall),PRES(I),
¥ TEMP{I)yVSURFIIL)»ANMLECCL(T)HCPILI) v 1)y I=1yNP)
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IF(KeEQW2) GC TC SS
K=2
GC TC 10
610 TORMATL{1HO, 2XiIHI o, 9X3HWC1

*8X4HPRES 'y B8X4HTEMP 4 T7X5HVTANG

* S5XTHDW4BYDT o 2X1HI )
620 FCRMAT(1HO,4/3X1HI 4 9X3HWS1

*8X4FPRES o BX4HTEMP , TXSEVTANG

631 FORMAT(1IX+13,10F12.6,13)
632 FCRMAT(1X+13y 9F12.6,13)
96 CCNTINUE
CALL POSITN(IDLFP,1,IC1,351)
WRITE(ID1) WC
CALL ENCFLUICLFP,IC1)
RETURN
END

vy 9X3HWC2

» 9X3HWS2

v SX3HKC3

GX3HWS3

1 GX3HKC4

v+ TX5hMLCCL » 10X2HCP

v IX3HKS4

» IXSEMLLCL o 1OXZ2HCP 5 2X1HI

)
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SUBRCUTINE PCLB(UCv“RoﬁsoZX.ZYoHH(HVoZHQZVQUANSi
C INTYERPCLATES FCR W AT PCINT IN A CELL WHEN CNE PCINY CF CELL 1S-INSIDE CONTOUR

CIMENSION HQ(QioHR(h)'kS(Q!rﬂA(ﬁinB(k)oHClh)oHD(G)vHANS(b)
CI¥ENSICN WH{4) oWV LG)
Cl%l.-l?
CZ'l."lX.
€3 =l./(1. = 2V)
Cé =lo/(1. = IH)
Cé =Cl%(3
C71 =l2Y-2Vv)*(C3
ce =C2%C4
€S =(1X=-IH)*C4
CC 1C K=1.4
WALK) = 2Y#WR(K) ¢ C1#nC(K)
WB(K) = IX®WRIK) ¢ C2#nSIK)
WCIK) = CO*WVIK) + CT*nStK)
KC(K) = CB*WHI(K) C9*wC 1K)
10 WANS(K) = S*(Cle*al(K) + ZYSWB(K) & C2¥WC(K) + IXsWAlK))

+

RETURN
ENC
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SUBRCUTINE WFGHIWW yCCoSSyCLRYyETAJALyALDsALDCywsFyGyH)

C COMPLTES WsF2GoH IN LOCAL CC-ORDS FRCM ¥ IN CARTESIAN CC-ORDS

CIMENSICN wWh(4)ow{4)4F(4)4Gla)yR(4)
COMMCN / CM3A / CT1,CT24CT3,CT4,CT5,CT6,CT7,CT8

Wl = Whil)

RU 5 wwi2)

Rv = WW(3)

Rel = 1l./ul

RUN = RU%CC + Rv#*ESS
RLS = —-RU#*SS + Rv#(C
LN = RUN¥RW1

LS = RUS*RW1

LNP = UN - ALL

RUNP = W1%*UNP

P = Ww{4) + CT3®(RL#*RL + RVHRV)*RW1
PP = CT1%p
S = P¥{ABRS(RW1))#*%CT5

CN = CUR/(l. + CUR®*(AL + ETA))
.F2 = RUNPXUNP
F2 = RUNP*US
G2 = RUS*¥LS
hi(l) = Wl

h{2) = RUNP
W(3) = RLS
h{4] = Wl%S
F{1l) = RLNP
F(2) = PP + F2
F(2) = F3

F(4) = RUNP*S
G(l) = RUS
C(2) = F2

€(2) = PP + G3
G(4) = RUS*S
F{1) = CN*RUN

i



002

F(2)
E{3)
F(4)
RETUR
ENC

Z 4% nn

CN% (RUN®LAP - G3) + wlx*ALCC
CN*(2.%US*RUN)
CN*{RUN%S)
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SUBROUTINE BWTCW{BW,wsCCySSsALD)
C CCMPUTES #*W* IN FIXEDC CARTESIAN CO~ORDS » GIVEN #*BwW¥* IN MOVING BOOY CO-ORDS
COFMCN / CH3A /7 CT1,C72,CT3,CT4,CT5,CT6,CT7,078

CIMENSICN Bwil4) oW (4)
k¥l = Bw(l)
RW1l = lo/Wl
UNP = RW1*BW(2)
LN = UNP + ALD
LS = RWl*BWl3)
t 3 UN*CC — US*SS
3 UN#SS + US*CC
P = BWI4)*[ABSIW1))*%CT2

Wlll = Wl

Wil2) = Wl*®U

Wi3) = Wl*y

ki4) = P — CT3*WIH{L*U + VIV)
RETURN

END

e



c0e

CVERLAY{CVER,33,0)
PRCGRAM BNDRC

CCMFCN ./ CM4A / ICT,ICTFP,T1,T2,NCYyNCLRYV

CCMMCN / CM4B / TPREV,ToINCCT NT4NTFRST

CCH¥NMCN /7 CMBA / NCTMXSNBTMXyNXyNY KX g KYyKWyNBT g MM
COMMCN /7 CM1O / T0CTLsTMXyNTMX,TMR

COMMCN /7 CMLCA /7 TIMA(2)4TIMB(2)4TIMS(2),TIMT(2),TIM(2:8)
CEMNCN / CHM11 / IRy Ik

CCMNCN / CMSS9 / NNyA(1)

IF(NT.EC.0) GG TC S99

MM1 = MM + NY

NP = NC1

N 5 1

N2 = N1 + 12*%NP
N3 = N2 + 3%NP
N4 3 N3 + 3%NP
NS = N4 + 3%NP
N&E = N5 + 3&NP
N7 = N6 + €E%NP
N8 = N7 +  E%NP
NG = N8 + NP
N1C = N9 + NP
Nl1 = N1C + NP
N12 = N11 + NP
N12 = N12 + NP
Nl4 = N13 + NP
N15 = N14 + NP
N1é = N1% + NP
AN17 = N16 + NP
N18 = N17 + NP

CALL BNECGCC { AUNL)sA(N2)oAIN3)A(N4G),A(NS),
AINE) ¢dAINT)WALNB) »AINT),
A{N1CI+sAINLL)»AIN12)sAINL3)4A(N14)},A(NLD),
A(NIE)sA{NLT)A(NLB)y NP )

&kl =1
N2 = N1 + 4%NP



co2

N2 = N2 + MM]
K4 3 N3 + M1
NS 3 N4 + MM]
NE 2 NS ¢ MN]
NT = N6 + NX

N8 5 N7 4 KXPNX
NG = N8 + NY

N1C = N9 & KY®NY
N1l = N1C +KX*3NX

CALL BNDINC { AUN1),A{N2)oAIN3),A(NG),AINS)AING)»AINTY,

* AIN8) oALINS)9AIN1C) yAIN1L1)y MMLsNPsKXsNX3KYoNY )
Nl =1

N2 = N1 + 26*NP

N3 = N2 ¢+ 33NP

N& = N3 + 3*NP

NS = N& + IJ*NP

Ne = NS ¢+ 3*NP

N7 = N6 ¢ NP

N8 = N7 ¢ Ne

NG = N8 + NP

CALL BNDREC ( A{IN1),A(N2),A{N3),A(N&4),A(NS),
* A(NGE) 2ALAT) A LNE] 4AINS) + NP}

N1C. = NG + NP

N1l = N1C + 4ONP

N12 = N1l + NP

CALL BNC3. (AINL),A{N2),AIN3)¢A{N4),AINS),

L A(NE) JAINTIoA(NB) 9 AINS)
* AINLC)2AINIL) 4A(NL2Z) o+ NKPyNCURV )
N12 = NIC

K1l = N3

NIC & N2

Nl =}

N2 = N1l + NP

N2 = N2 &« NP

N4 = N3 + NP



702

NS = N4 + NP

N6 = NS + NP

NT = N6 * NP

N8 s N7 + NP

NS = NE + NP

N13 = NS + NP

CALL BNDWRC{ A{N1))A{N2)sAIN3),AIN4),

* AINS)yAINE) JAINT) A{NB) A (NT),
* A(NL1C)sA(N11)A{IN12),A(N13), NP}

999 CONTINUE

CALL TIMER{TMR,TIMB,TIMA,TIN(1,3))
WRITELIW,6090) TIMILy3),TIM{2,3),T,NT

60SC FCRMAT{1KHO,* CP,PP TIMES FCR § ENCRY $ ARE {(SEC) *%,2F10.2,5X
$*T = &% F1l0.69 4X * NYT = % J6 )

ENC



SUBROUTINE BNDGOC( WCPy COSNsSINN,CUR,VDEL,
* XsYyXCoYDy
* XPsYPyOP,CSPySNP,C1P,C2P,C3P,SPy, NP )

C FINDS CO-ORDS OF 6*NP POINS. SCRTS THEM CuT. STORES THEM FOR BNCINT
C FINDS (%K) FCOR 2*NP PCINTS AND STCGRES TKEM IN *WCP1l,WCP3%#
C COMPUTES COSN,SINN,CUR

COMMON /7 CNM2 / INX9INY2YZyBX4CY2CSHEN, RCX,RDY+ROS,RDN
COMNGN / CMT / TOLS,TCLX,TOLCB,TOLCF,TOLSCL

COMFCN / CMBA / NCTMXyNBTMX o NX g NY oKXy KY oKWy NBT 9 MM

COMNCN /7 CM8B / FES,yMLyKBLKS

COMMCN / CM11 / IR,1IW

COMMCN /7 CM11B /7 ICL.ID2,1L1,1IL2, IDLIFP, IC2FPS IL1FP,IL2FP

CIMENSION WCP{4,3,NP),VDEL{3,4NP),
X{6yNP)yY(69NP)
XDINP)YCINP),
XPINP) ,YPINP) DPINP) CSPINP) 4SNPINP),
CIPINP) 4C2P{NP)+C3PI(NP),SPINP),
COSN(3,NP),SINNI{3,NP),CUR(3,NP)
COMMCN /7 BNDLCL / INDB(3)

¢oe
LR

C READ CCNTP I01(2)

CALY POSITN ( ID1FP,2,1C1,311 )
REAC(ID1) XP,YP,DP,CSP,SNP,C1P,C2P,C3P,SP
CALL POSITN(ID1FP,3,1D1,3111)
REAB(LID1) XD,YD
C READ uwCP2 IC1t4}
CALL POSITN ( IC1FP,4,1IC1,312 3
REACLIDL) (UIWCPI{K 201)9K=1y4)4]=1,NP)

C FIND XY CCO-CRLCS CF PCINTS 5,8 CORRESPONCING TO EACH CONTCUR POINT

CC 9C I=1,NP
IF(I.EC.NP) GC TC 10
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CALL NRMCUR(Oo oCSPUI)ySNP(I)9CLP(I)sC2PLE)sC2P(I),CSySNyCURL2,1))
IF{IJEQ.L1) GC TC 2C
I1 =1~-1
CALL NRMCUR{ DPI{I1)»CSPL{IL)ySNP{IY1),CI1P(1I1),C2P{I1),C3P(11),
* DUM,DUM,,CURR)
CLURE24I) = <S5*#(CUR(2+41I) + CURR )}
GC 1C 2¢
10N = NP - 1
CALL NRMCUR{DP(N) yCSP{N) ySNPIN)CLPI(N)»C2P{N)yC3PIN)}»CSsSN»
* CUR(2,1))
CS 3 Q.
SN 3 1.
GO 10 30
20 IF{I.NE.1l) GC TC 3¢C
€S = Q.
SN 3 -1,
30 CNCCS
CNSIN
XX
Yy
X(241)
X{S,1)
Y{2,1)
Y{S,1)
COSNI2, 1)
SINN(2,1)
VCEL(2,1)
9Q CCNTINUE

CN*CS
CN®SKN
XP(I)
YPII)
XX
XX
Yy
YY

CNCCS
2.%*DNCOS
CNSIN
2. *¥CNSIN

+* ¢ 4

t 0o H

+

Cs
SN
XC(1)*CS + YC(I)*SN

CC 290 L=1,3

GC TC (1C1,102,1031,L
101 CCN = 1.

JXY¥l= 1

JXY2= 4

Jv = 1

INCB(1) = NP

G0 1C 11¢C
102 60 T0 29¢C



103 CCN 5 -1,
JXY1=3
JXY2=6
Jv = 3
INCRB(3)=1
110 CCNTINUE
CC 190 I=1,NP
ARC = SP(I) + CON=*CS
CALL ALL( NP yXP,YP,DP,CSP,SNP,C1P,C2P,C3P,SP,TOLS,TOLX,
* ARCy J9S19S2+SCENyCSySNoCURVXXyYY )
J1 = J + 1
CUR{L,1I) = CURY
CNCCS = DNx*CS
CNSIN = CN#*SN

X({JIXYLly 1) = XX ¢ DNCGS
X{JIXY2,1) = XX 4 2.%DNCCS
. YIJIXY1.1) = YY # CMSIN
S Y{JXY241) = YY + 2.*%DNSIN

CC 150 K=1,4

150 WCP(KgLol) 5 S2*WCP(Ky29Jd) 4 S1I*WCP(Ks24J1)

XCEL = S2%XD(J} + S1*XD{(Jl)
YCEL = S2#YC(J) + S1*YC{Jl}
VCEL(JV,1) = XCEL*CS + YCEL*SN
IF{SGN.EC.1.)GC TC 180
: CsS = -CS
WCP{Z2eLys1) = —wCP{24L,1)
IF(LEG.1) INDB{(L) = MINO(UINCBIL),I)

, . IF{LECL3) INDB(L) MAXO({INCBI{L),y 1)

180 CCNTINUE
CCSNIL, 1)
SINNIL, 1)

160 CCNTINUE

29C CONTINUE

cs
SN

HoH

C WRITE WCP,CCSN,SINN,CUR,VCEL
} CALL PCSITN ( IC2FP,2,1C2,313 )
KWRITE(ID2) {(((WCP{(KpJyI)sK=1y4)pI=1yNP)yJ=143)yCGSN,SINNyCUR,VDEL
WRITE(IL2){WCP{4,42+1)41=1,4NP)



g0¢2

CALL ENCFLUICZ2FP.1C2)

C SCRT CUT PCINTS ANC WRITE (I,JeX,Y) CN IC2(3)
NPTSE = ¢
IBLKND = -1
CC 7CC KB =
# = MS
IF(K.EQ.KBLKS) ¥ = ML
KLEFT = (KB-1)*MS
IF(KBJEQ.1) KLEFT =1

1,KBLKS

KRGHT = KB*NMS
XLEFT = FLCAT{KLEFY - 1)*CX
XRGHT = FLOAT(KRGHT = 1)*DX

CC 6CQO I=1,AP

CC €CC J=1,6

XX = X{Jdy1)

IF{XXLTXLEFT) GC TC €0CC

IF{XXeGEXRGHT) GC TC &CO

Jd = J + 3

NPTS = NPTS + 1

WRITE{IDZ2) JJaloeXXseY{dsl)
6C0 CCATINUE

WRITE{IC2) IBLKND,IBLKNC,IBLKNC, [BLKND
TCC CCNYINUE

CALL ENDFL{IC2FP,IC2)
NP& s 6%NP
IF{(NPTSJEC.NPE) CGC TC 8CO0
WRITE{IK,750) NPTS,NP6
75C FCRMAT{1KO,* ERRCR IN BNDGCC NPTS,NPE& ARE * 216 )
CALL EXIT
800 CONTINUE
RETURN
ENC
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SUBRCUTINE BNDINC(WCP K1 oW2 W3 yWay IX VXe 1Yy VYINSXyNSY,
* MML NP sKXgNXsKY,NY )

C THIS SUBROUTINE CCMPUTES *W* AT PCINTS 4,5+64798:,9 OF THE 9 POINT GRID
C ASSCCIATEC WITH EACKE BCUNLCARY PCINT

C STATEMENT FUNCTIONS

XMESHIIY = FLCAT(I-1)%0X

YMESH(J) = FLCAT{(J-1)*LCY - YZ

COMMCN / CM2 / INX)yINYoYZoCXsCY4CSyDON» RDXyRDY,RDS,RDN
COMNCN / CM8B / MSyML,KBLKS

CCMMECN / CM11 /7 IRelhw

COMFCN / CML11B / IDL1,IC2,IL1,41L2, IC1FP, IC2FP, IL1FP,IL2FP

CINMENSICN W1{(MM1)yW2(MML)oW3{MML1)sna(MNML) WCF(44NP),
* IXINX) g VXIKXoNX) o IYINY ) o VY{KY AY) g NSX{KXyNX) yNSY{KY,NY)
DIMENSICN WPU4) o WG(4) yWR{4) s WS4 ) WHI4) WV (4], WANS(4)

COMFCN / BNDLCL 7/ INDBI(3)

C READ * IX,VXsIYsVY,NSXyNSY * FROM ID1(5)

CALL PGSITN [ IC1FP,5,41C1+321 )
REACUID1) IXyaVXeIYs VY NSXyNSY

C POSITICN *]JL1* TC REAL *KWl,)w2sW3yha¥*
c *¥]D2% TC READ *I,JyX,Y*
C *101#% TC WRITE *1,Jy WANSI(4)

CALL POSITN ( ID2FP43,1iD2+322 )
CALL POSITN ( TL1FP,1,1IL1,323 )
CALL POSITN ( IC1FP,4,1Cl.324 )
REAC(ID1IWCP

CALL POSITN { ICLIFP,4,iC1»325)

C THIS IS THE CC LCOP CVER THE LAX-WND BLOCKS

Vi



CC 9C0 XB=1,KBLKS
C READ * Nl on2,W3 okt »

v = ps

IF { XKBJEC.KBLKS ) MaML

Kl = 1} :

K2 = NY

K2 3 K2 + 1

K& = (M + 1)sNY

IF(KB.EC.1) GO TC 2

REACIILLY) (WllI),I=K1,K2),
* {h2{1)sI=K1,K2),
* {W3(1),1=K1,K2),
* (Wa(I)y1=K1,K2)
CALL FSR(1,IL1,1ERR)

E 2 READCILLY (W1lI),I=K3,K4),

o L (W2(1)e1=K3yK4),
* (W3(1)s1=K34Ka),
* (WG{1),yI=K3,K4&)

Il = (KB-1)*MS
C READ IPT,JPT.X,Y FRCF IC2(3)

5 REAC{IDZ) JPT,IPT4X,Y
IF{IPT.LT.C) GC TC 9CO

C FIND LCWER LEFT HAND CCRNER IP,JP CF CELL IN WHICH (X,Y) LIES

IP = INT{X*RCX) + 1
JP = INT{{Y+YZ)*RLY) + 1
KP = (1P = I1)#KY + JP
KC =KP + NY
KR =KQ + 1
KS skP + 1
ING = O
INCX = O
10 WP{]l) = W1(KP)



TTS

20

30

40

45
50

60

WP(2) = W2(KP)
WP(3) = w3(KP)
WP{4) = ha(KP)

[IF(WP(4).GE.C.) GC TO 2C
INC = INC + 1

INCX = 1

WC(1) = wW1{KQ)
WC{2} = W2(KQ)
WC(2) = w3(KQ)
WC(4) = WalKQ)

IF(KQ(4).GE.O.) GC TC 30
INC 5 INC + 1

INEX = 2

WR{1l) = W1l({KR)
WR{2) = W2(KR)
WR(3) = W3(KR)
WR(4) = W4{KR)

IF(wR{4).GE.C.) GC TC 40
INC = INC ¢+ 1

INDX = 3

®S{1) = W1(KS)
WS{2) = W2(KS)
KS{3) = W3(KS)
WS(4) = wWa(KS)

IF{wS{4).GE.Ce) GC TC 45
INC = INC + 1

INCX = 4

IF {IND.LE.1 ) GC TC 6C
WRITE(IW,5C)

FCRMAT{1HO,*ERRCR IN BACINT*)

CALL EXIT
IF(IND.EC.1) GC TC 1CC
IX = (X — XMESH{IP)})*RCX

Y {Y — YMESH{JP})*RCY
IX1 = le = IX

Yl = 1. - 2Y

CP 5 ZIX1%ZY1

CC = ZX * 1Vl




cle

CR = IX *2Y
CS s ZIX1*ZY
CC 7C K=144
70 WANS{K) = CP*WP(K) + CC¥WC(K) + CR*WR(K)} + CS*WS(K)
GC T1C 8aC

100 XxtC
xt1
YLC

XMESH(IP)

XMESH{IP+1)

YMESH{JP)

] : YMESH{JP+1)

ICCRN = 1P

JCCRN = JP

IF( INDX.EQs2 +COR. INDX.EQ.3) ICCRN=IP+1
IF(INCXJECe3 o«CR. INCXoEC.4) JCCRN=JP+1
XCCRN XMESH{ICCRN)

YCCRN YMESH{JCORN)

IX = RDX*ABS({X-XCCRN)

2Y = ROY*ABS(Y-YCCRN)

HaH

C FIND HCRIZCNTAL INTERSECTICN AND WH(K)

KMAX = IY(JCORN)
CC 11C K=1,KMAX
XX 3 VY{K,JCCRN)
IF(XLC.GT.XX)}GC TC 110
IFIXEI.LTXX)GC TC 110
GC TC 12¢C

110 CENTINUE
CALL EXIT

120 NSYN = NSY{KyJCGRN)
IC = MCC{NSYN,1CCCC)
ICl1 = IC + 1
€1 = {1.E-C8)*{FLCAT{(NSYN/1CG00O))
§2 = 1. — Sl
CC 130 K=1,4
13C wH(K) = S1*kCP{K,ICl) ¢ S2*%WCPIK,IC)
ZH = RDX*ABS({XX=XCCRN)



¢ic

C FIND VERTICAL INTERSECTION AND WV(K)

KMAX 5 IX{ICGRN)
CC 21C K=1,KMAX
YY = VX{K,ICORN)
IF{YLOLGT.YY) GC TC 210
IF(YKI.LT.YY) GC TC 210
GO0 TC 22¢

210 CONTINUE
CALL EXIT

220 NSXN = NSXU(K,ICGRN)
IC = MOC{NSXN,1CCCC)
IC1 = IC + 1

S1 = (1.E-C8)*({FLOAT{NSXN/100001})

§S2 o 1. - 51
CC 230 K=1,4

230 WVIK) = SI¥WCP{K,ICl) + S2%WCP(K,IC)

IV = RDY*ABS{YY~-YCCRN)

C CALL PCLC HERE

IFUINDXLEQ.1)CALL PCLC(WCyWRoWSoZXsZY s WHyWVeZHyZVowANS)
IF{INDXLEC2)CALL POLCIWRyWS)WPoZY 3 ZXyWVeWHyZVyZHs;WANS)
IFOINDXaEQC.3)CALL PCLCIWSyWP s WGy ZXyZY s WH WV ZH9ZVWANS)
IFCINCXGECL4)CALL PCLC{WP o WCoWRyZY 4 ZX sV onHyZVeZHyWANS)

8C0 CCNTINUE
GC TC {900,9C0,900,
* 810,859,830,
* 810+859,83C),JPT
810 IF(IPT.GE.INDB(1)) GO TC 898
GC TC 89S
€30 IF(IPT.LE.INDB(3)) GC TC 898
CQ TC 89S
898 WANS{2) = - WANS{2)
869 WRITE(IC1) JPT,LIPT,WANS
GC TC 5
SCC CCNTINUE

R



712

CALL ENCFL(ICIFP,ICLY

RETULRN
ENC



Ste

*

SUBRCUTINE BNOREC( WCPP,COSNySINN,CUR,VCEL,
XC oYL oXCOHYLC, NP )

C FILLS INK ARRAYS IN REACINESS FOR BCUNCARY UPCATE SCHEMES

10
20

*

*
*
¥

CCFMON /7 CMR1B 7/ 1D141D2,1L1,1L2, ID1FPyIC2FP o ILLFP, IL2FP
CIMENSICN WCPP(4 oG yNPY,COSN{3+NP)SINN{3,NP)yCUR(34NP),VDEL{3,NP)
2 XCINP) o YDUINP) o XCCINP) ,YCTIAP)

CALL POSITN( IC2FP,»2,1C2,331 )

REAQU(ID2) ((WCPP{Kels1)eK=1,4)91=14NP),
({NCPP(K92y1)9K=1,4),1=1yNP),
(IRCPP{X93,1)9K=144)eI=1,NP),
CCSN,SINN,CLR,VEEL

CALL PGSITN(IDI1FP,3,1C1,332)
REAC{1I01) XDsYCoXCCoYEL

CALL POSITN [ ID1FP+4,1C14333 )

REACILIDD) J;lthPP(l,JvllphCPP(Z-Jol)-hCPP(BoJolJ,hCPP(ﬁ.J,l)
IF{ECF,IC1) 2C,10

IC1FP = 5

RETURN
END .
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SUBRCUTINE BND3{( wCP,CCSNySINN,CLRyVDEL,

& XD+YDoXCCyYCD,
¥ KCySSyNPTA, NPsM )
C IMPLEMENTS METHOD CF CHARACTERISTICS
COMMCN / CM2 / INXosINY,YZyDX,DY,DS,DN, ROX+sRDYyROCSyRDN
CCMNCN / CM3A / CT1,C72,CT3,CT4+CT5,CT6,CT7,CT8
COMMCN / CM4 / CFyCTMXy CXYSNy CTFRST,,CTCUT,CTBNDHOTSTB,DT
CCMNMON / CMS / BND,BNDISC,BNDPRN
COMNCN /7 CM11 / IRIW
COMMCN /7 CHM11B /7 ID1,1C2,1IL1,1IL2, IC1FP IC2FP 2 ILLFP,IL2FP

CIVMENSION WCP{4y94NP),COSNI3yNP)ySINNI34NP),CURI34NP),VDEL(3,NP)
CIMENSICN R{15),UL15)yV(15)sP(15)9A015),S{15)+ALS(15)

CIMENSICN wC{4,NP)

CIMENSICN SS(NP)NPTA(M)

CIMENSICN XDUNP)YC{NP),XCC(NP),YCC(NP)

C STATEMENTY FUNCTICN
CFUN(CL1¢C24C3,2)=Cl4Z%{~=1.5%C1+2.%C2—,5%(C3+7Z%(.5%(C1+C3)-C2)})

CTH = .5%DT7
RCT = 1./0T1 $ BYS = CT/0S
CN2 = 2.%DN $ £S2 = 2.%DS

CZ1=1./CT5 $ CI12=2./CT2 $ CZ3=1./(CT5%CT2) % CZ4=—.5%CT2
CI5=CT6*CTE6 & CZ6=1./CT2

Cz7 CT4%CT4

cz8 1./(CT2%CT6%CT6)

IF(BNDISC.NEL1e)} GC TC 4CO4
CALL PCSITN(ICLIFP,2,101,3331)
REAC(ID1)
REAC{ID1) SSyNPTA

4C04 CCNTINUE

C THIS IS THE CC LCOP CVER ALL THE BCUNCARY PCINTS
CC SCC I=14NP
IF(BNDISC.NE.1.)GC TO 4C06
CC 4CCS5 L=2,N
IF(I.EQ.NPTAIL)) GC TC 9CO



Lte

4C05 CONTINUE
40C6 CCNTINUE

cs COSN(2,1)

SN = SINN(2.1)

AGLs CS*YDI{I) = SN*XDI(1)

AGCLC = CS*YCO(I) — SN=XCD(I)

CCERV = (CUR(1,1) — CUR{3,1)3*.5/CS
AGCF s AGD + AGCC*LCTH

& W

CC 9 4 = 1,9

CC TC {192+3919233919243),J

JJd=1 8 GC TC 9

Jd=2 ¢ GC 10 9

Jy=2 $ GC TC 9

JJd=4 8% GC TC 9

JJd=5

CALLE STATE { WwCP(LyJaI)yCCSN{JJ»I),SINNCIII),
* RUIJIZULI) o VIJ) s PLI) 2 ALY SLU) 4 ALSEY Y}

O AN SN e

IF{BNDPRN.NELQ.)
FWRITE(IW,6010) (RIK) yUIKIpVIK) yP{K)gAIK)9S{K) +ALS{K)},K=1415)

LI1C€) = 5%{u{l)+L(2))
R{1C) = 5%({R{1)+R(2))
VI1C) = S5%(VI{1)4vi{2))
S(1C) = 5%([S{1})+S(2))
A(IC) = Lo%{A[{1)+A(2)})
L{11) = .5%(L(4)+L{5))
R(11) = 5%(R({4}+R(5)])
VI1l) = .5%{V{4)+Vv(5))
S(11) = 5%(S(4)+4S5({5))
A{11) = JS5%(A({4)1+4(5))
LI12) = .5{L{7)+L(8))
R{12) = .5#(R(714R(8))
VI12) = J5%(Vv{T)+4v(8)})



gle

st12)
A(12)

H

uils)
R{12)
vil3)
s(13)
Al13)

Ul14)
R{14)
vil4)
${14)
All4)

L(15)
R{15)
vilel
$115)
A{15)

PI1C)
PL13)

ALS(1O)
ALSI11)
ALS(12)
ALS(13)
ALS(14)
ALS(15)

5C CONTINUE

C COMPUTATIGNS
La=L(10)
LC=u(11)
UE=L{12)

«5%{S(7)+5(8))
«S*¥LA(T)42(8))

SS5E{LU(2)+L(3))
S2(R(ZI+R{3))
«5S*¥{VI{2)+4Vvi3))
«5%[S{2)+5(3))

«5*(A[2)4A(3))

SE(UIS)+LI(6))
«S¥{R{S}I+R(6))
«S%(V{(5)4V(6))
«5¥(5(5)+5(6))
«5%(A(5)+A(6))

«SELULBYIHL(9))
«5*{R{B)4+R{9))
«SE(V(8I+VI9))
«5%({5{8B)+5{9))
«S*{AL{B)+A(9))

SSEIP(LI+PL2))
«S*(P{2)+P13))

«SELALSIY
«S®{ALS(4)
«SE(ALS(T)
#5%(ALS{2)
«S*¥(ALS(S)
«5S¥(ALS(B)

ON RAY A-C-E
$ RA=R{1C) §
$ RC=R(11)
$ RE=R112) s

ALS(2))
ALS{S))
ALS(8))
ALS(3))
ALS(6))
ALS(9))

-

VA=V(10)}) § SA=S(10) s 2A=A{lC)
vC=V(1l1l) $ SC=S(11) s AC=A{(11)
VE=V(12) $ SE=S{12) § AE=A(12)



612

PA
CA

PL1C)
«SH(CURIL,I) + CURL2,1IM)

VCELA «5%({VDEL(1,1) + VDEL{(2,]))

YOELA «5%(V(10)+VDELA)*CT

UCELAT = UA*({l. — CA*VAX[LT)
* “DTS*{ 5% (Uf1)%%2 — U(2)%%2)
* + JS5%{S{1)+5(2))*C28*(R(1)**CV2 — R{2)**(T2))
* + AGC#DTS*(U{(l) - U(2))

SCELAT = SA — CTS*UA%*{S[1)-S12))
* € AGD#LTS*{S(1) — S(2))

GA = (YCELA )¥RLT ~(VA - AA)
GC = [YDELA - DN ) *RCT —{VC - AC)
CE s (YDELA - CN2)*RCT —-{VE - AE)
CAC = GA

CAl = —1.5%GA + 2.,%GC —.5%GE

CA2 «5%(GA + GE) - GC
CALL SMALRT{CAC,CAL+CA2+ZA)

CNAZ 3 1. $ CNA1l = CA
CNC2 = 1./(1.#0N *CA) $ CNC1 = CA*CNC2
CNE2 = 1./{1.+CN2%CA) $ CNELl = CA%CNE2

FA = CNAL*{UARUA+AAXVA) + CNA2*(AA*(R{1)*U{1}-R(2)%Ul(2))/RA

* . —=LAX(V{1)-V(2))+ AA%UA*CZ1*{ALS(1)=ALS{2)))*RCS

¥ 4+ AGD¥RCS*{{(VI11-Vv(2))—-2A%{R(1)-R(2))/RA-AA+CZ]1*{ALS{1}-ALS(2}}))
FC = CNC1*{UC*UC+AC*VC) + CNC2*{AC*{R{4)*U{4)-R(5)*U{5))/RC

¥ =LC*{V(4)-V{5))+ACHUC*CZ1*(ALS{4)~ALS{5)))*RDS

¥ + AGD#*ROS*{(V{4)-V(5))-AC*{R{4)-R{5))/RC-ACKCZ1*(ALS(4)-ALS(5}]))
FE = CNE1*{UE*UE+AE#VE) + CNE2#{AE*(R(T)I*U(T7)-RI(8)*U(8))/RE

* ~UE*(V(7)-V(8))+ AE®UE#*CZ1*(ALS(7)~ALS(8)))*RCS

¥ + AGD®ROS®*((VITI-VI(8))-AEX*{(R{7)-R(8))/RE-AEXCZ1*(ALS(T)-ALS(8)))

VBETAT = CFUN{VA,VCsVE,ZA)
ABETAT = (QFUNI{AA,AC,AE,Z4)
SBETAT = CFUNI{SA,SCySEZA)
FYBETA = CFUN{FA,FCyFE,ZA)

RESA = CT#FYBETA — VOELA + VBETAT - CZ2%ABETAT
* —CZ3*ABETAT#ALCG{SCELAT/SBETAT)

ACELAT = RHSA*(CZ4

TERM = CZS#ACELAT**2

RCELAT = (TERM/SCELAT)**(C1¢




0ce

PCELAT = TERM*RDELAT

IF{BENCPRN.EC.C.) GC TC 1CO
WRITE{IW,6020) UDELAT,.ACELAT,SCELAT,VBETAT,ABETAT,SBETAT
WRITE(IW,6020) GA,CCyGEFA,FCHFE
WRITE(Iw,602C) ZA,FYBETA
100 CCNTINUE

C CCMPLTATIGNS CN RAY B-C-F

LB=L(13) $ RB=R{13) $ VvB=V{13) $ SB=S5{13) $ AB=A(13)
Lb=L{1l4) s RD=R{14) % VC=V(1l4) $ SC=S(1l4) $ AD=A(14)
LF=L{15) % RF=R{15) $ VF=V(15) $ SF=S{15) % AF=A(1l5)
PE = P{13)

CB = 5%(CUR{Z2,I) + CUR(3,1))

VCELB = .5*%(VDEL(2,1) + VOEL{3,1))

YCELB = o5*%(V{13)+VCELB)*CT

UDELBT = UB*{l. — CB#*VB*DT)
* —DTS*{.5%(U(2)1#%2 — L(3)%%2)
* + JS5F(S(2)+5(3)1)%CZ8%(R{2)**%CT2 — R{3)1*%CT2) )
¥ # AGDEDTS*(U(2) - LI(3}))

SCELBYT 5 SB — CTS*LB*{S5(21-5{3}))

¥ + AGD*DTS*(S(2) — S(3))

GB = (YDELSB Y¥ROT —(vB - AB)
GC = (YCELB - DN )*RCT —-(Vvl - AL)
CF s (YCELB - EN2)Y*¥RET —(VF - AF)
C(BC = GB

CB]. = —l.S*GB + ZO*GD - QS*GF

CBZ = .5%(GB 4+ GF) - GC

CALL SMALRT{(CBO,CBl,QB2,ZB)

CNB2 = 1. $ CNB1l = CB
CNC2 = 14/(1.+CN *CB) $ CNC1 = CB*CND2
CNF2 = 1./(1.+CN2%(B) $ CNF1 = CB*CNF2

FB = CNB1*(UB*UB+AB*VB) + CNB2*{(AB*{R(2)*%U(2)-R(3)*U{(3))/RB
* ~LUB*¥(V{2)=-VI(3))+ AB¥UB*CZ1*{ALS{2)-ALS{3)))*RODS
¥ ¢ AGD*RDS*({V(2)-VI(3))-AB*¥{R(2)~R(3)})/RE-AB*CZLI*{ALS(2)-ALS(3)))
FC = CND1*(UD*UD+AC*VL) + CND2*{AD*(R(5)*U{5)-R{6)*U(6))/RD
* ~UDx{VI(5)=VI&) )+ ACH*UC*CZL1*{ALS(S5)-ALS{6)))*RDS
*¥ + AGD*RLCS*#({VI{5)-V(6))-AC*{R{(5)-R{6))/RC-AD*CZ1#*(ALS(5)-ALS(6)}))



Sy

Tce

FF = CNFIX{UFAUF+AFRVF) + CNF2#{AF(R(B)*U(B)-R{9)*U(3))/RF

* ~UF*{V{8)-V{9))+ AF*UF*CZLI*{ALS(8)-ALS(9)))*RDS
* + AGD#*RCS*{(V(8)-VI(9))-AF¥{R(8)-R{9))/RF-AF*CZ1*(ALS(8)-ALS{9})))
VBETBT = QFUN{VB,VC,VF,ZB)
ABETBT = QFUN{AB,AC,AF,1B)
SBETBT = CFUN(SBsSCsSF,2B)
FYBETB = CFUN{FB,FDsFF,18)

RHSB = DT*FYBETB — VDELB + VBETBY — CZ2%ABETET
* ~CZ3%ABETBT*ALCG(SDELBT/SBETET)
ADELBT = RHSB#*CZ4
TERM = CZ5*ACELBT*%2
RCELBT = (TERM/SCELBT)*%¥CZ6
PDELBY = TERM#*RDELBT
IF{BNDPRN.EQ.C.J) GC TC 2¢O
WRITE(IW,602C) UCELBT ACELEBT,SCELBT,VBETBT,ABETBT,SBETBT
WRITE{IW,6020) GB+GDyGF,FB4FD,FF
WRITE(IW,602C) ZB,FYBETE
200 CONTINUE

C CCMPUTATION CN RAY 2-5-8
€2 = CUR(2,I)
ce = C2 + AGC#CT*CCERV
VCEL2 = VDEL(2,1)
YCEL2 = .5%{V(2)4VCEL2)*CT
RRR = 1./{1. + CB*YDEL2)

UCEL2T = S*{UCELAT + LCELBT)

SCEL2T = .5%(SCELAT + SCELET)

RCEL2T = .5%(RDELAT + RCELBT)

ACEL2T = .S5*{ADELAT + ACELBT)

TERKL = U(2) — 5*%CT*(C2*%U(2)*V{2) + CB*UDEL2T#*VDELZ2%*RRR)
TERM2 = 5%(UDELAT**2 — UDELBT*%2)

TERMZ = TERM2#*RRR

TERMI = 5% SDELAT+SODELBT)*CZB8*(RCELAT*%CT2 - RDELBT#*#CT2)
TERM3 = TERM3*RRR

TERMG = ,25%{L{1)**%2 — L(3}%*2)

TERNS = ,5%S5(2)%CZB8%(R{1)*¥CT2 — R(3}*%(T2)

LDEL2 = TERM1 - .S*DTS*{TERMZ + TERM3 + TERNM4 + TERNMS )

4);;
f



%* +
SCELZ2

*

* +
TERN
G2 =
Gs =
G8
€20
gel
€22
CN22
CALL
CNS2
CN82
F2 =

* -

*¥ + AG
F5 =

* -—

* + AG
Fg8 =

* -

* + AG
VBETZ2
ABET2
SBETZ2
FYBET
RES2
*

*

RHS2

*

gce

«25%AGD¥DTS*(U{1)-U(3)) + AGCH*DTS*{UCELAT-UCELET)*.5

= S(2) = S*DTS%(L{2)*{S(1)-S(3))*.5 +
UDEL2T*(SDELAT — SODELBT)*RRR)

« 25%AGDHCTS#(S{1)-S{(3)) + AGCH*CTS*(SCELAT-SCELBT)*,5
= VDEL2 - ACELZ2T

(YDEL2 YERDT = .5%(Vv(2) — A(2) + TERM )
(YDEL2 - DN )%RCT = .5%(V(S) - A(5) + TERM )
(YCEL2 - DN2)Y#RCT - .5%(v{8) — A(8) + TERM )
= G2
T =1e5%G2 + 2.%G5 — .5%G8
= ,5%(G2 + G8) - CS5
= 1. $ CN21 = C2
SMALRTIGC2C,C219Q22,22)

l./(1.4CN * C2) $ CN51 = C2%CN52

= la/1la + 2.%¥DN%C2) s CN81 = C2*CN82

CN21*(U2)*L(2)+A12)%V{2) )+ CN22%{A{2)*{RA%UA-RB*UB)/R1{2)

UL2)*{VA-vB)+ A(2)%U{2)%CZ1*(ALST10)-ALS(13)))*RCS

D¥RCS*((VA-VB)-A(2)*(RA-RB)/R{2)-A{2)*CZ1*(ALS(10)-ALS(13)))

CNS1#(UIS)*U(S5)+AL5)*V{5) )+ CNS2%(A(5)*(RC*UC-RC*LD)/R(5)

ULS)I*(VC-VE)Y+ A(S5)*U(5)*CZ1*(ALS(11)-ALS{14)))*RCS

D*RES*{{VC—VD)—A(S5)*(RC-RD)I/R{S5)-A(S)*CZ1*{ALS({11)-ALS(14)))

CNB8L*(UIB)Y*U(B)+A(B)*V(8))+ CAB2*(A{B)*{RE*UE-RF*UF)/R(8)

U(B)*(VE~VF)I+ A(B)*U{BI*CZL1*(ALS(12)-ALS(15)))*RCS

D*RDS*({VE-VF)-A(8)*(RE-RF)/R{8)—-A{8)*CZ1*{ALS(12)-ALS(15)))

CFUN(VI2)4V(5)4V(8),22)

CFUN{A(2)+A(5),A(8),22)

CFUN(S5(2),S15),5(8),22)

2 CFUN(F2 4F5 »F8 ,21)

= FYBET2 + CB*RRR*{UDEL2T*UCEL2T + ACELZ2T*VLELZ2)

+ROS*RRR*( (ADEL2T/ROEL2T)*{RDELAT*UCELAT - RCELBT*UCELBT)
+ CZ1%*ADEL2T*UCEL2T*ALOG(SDELAT/SCELBT))

= +5%DT*RHS2 ~ VLCEL2 ¢ VBETZ2 - CZ2%ABETZ + .5%CZ3*(ABET2 +

ACEL2T)*ALCG(SBET2/SCEL2)

* = S¥AGDH*DT*ADEL2T*ROS* ({RDELAT-ROELBT) /RDEL2T
* + C21*(SDELAT - SCELBT)/SCEL2T )

ACEL2 = RHS2%C14
TERM = CZI5%ADEL2*#*2
RCEL2 = (TERM/SDEL2)**C16



¢ze

PCEL2 = TERFM*RDEL2

IF{BNDPRN.EQ.O.) GC TC 3CO .
WRITE(IW,6C2C)UDEL2,ACEL2,SCEL2,)VBET2,ABET2,SBET2
WRITE(IW,6020) G24G5sGBeF24F5,F8
WRITE(IW,6020) ZZ,FYBET2

30C CENTINUE

wC{l,I) = ROEL2
UX = VDEL2*¥CCSN{2,1) - UCEL2#*SINN(2,])
LY = VDEL2*SINN{2,1) + UDEL2%*COSN{(2,1)

WC(2+1) = RDEL2#%UX

WC{3,1) = RCEL2*UY

LSscC = UDEL2*UDEL2 + VDEL2#*VDEL2
WC{4,1) = PDEL2 ~ CT3%RCEL2*LSC

900 CGNTINUE

IF{(BNCISC.NEs.1.) GC TG 4410
CC 44C0 I=14NP
CC 4200 L=24¥
IF(I.EQJNPTA{L}) GC TC 430C
4200 CCNTINUE
¢C TC 44C0
43CC RR=14/18S({I+1)-SS5(I-1))
RAT1=(SS{I)~SS{I-1))*RR
RAT2={(SS{I+1)-S5{1)) *RR
LC 435C K=1,4
435C WC(Ky1) = RAT2*WC{K,I~-1) + RAT1IX*WC(K,1+1)
44CC CONTINUE
441C CCNTILNLE

6010 FORMAT{1HO*RyUyVyP,AyS+ALS */{1X,7F18.6))
602C FCRMATI1FC,7F18B.6)

RETLRN

ENC



1ee

C PR}

10

SUBRCUTINE BNCWRC { Wle W24y W3y Wa,

* PRES,y TEMP, VSURF, AMLOCL, CP,
% COSNySINNyWCsmP4, NP )
NTS BCUNCARY VALUES

CCMMCN / CM3A / CT14CT24CT3,CT4yCT54CTE,CTT7,CTB,CT9

COMNCN / CM4 / CFyCTMXy DXYSNy CTFRST,DTOUTDTBND,OTSTB,OT
CCMMCN /7 CNM11 / IRy 1k

CCMMCN / CM11B /7 1C1,IC2,IL1,1L2, IDLFP,ID2FP, IL1FP,IL2FP
CIMENSICN WLINP)y w2(NP); W3INP),y W4(NP},

* PRES(NP), TEMP(NP), VSURF(NP)y AMLCCL{NP), CP{NP}),
* COCSN{3,NP)y SINNI34NP), WCU4,NP)

CIMENSICN WP4(NP)

RDT = 1./C7

CMAX=0.

CALL PCSITN{ID2FP,2,1TC2,353)

READ{ID2)

REAC(ID2) WwP4

CONTINUE

CC 1CO0 I=1,NP

RC = wl{I) = wC(1l,1)

RU = W2(I) = WC{2,1)

RV = W3{1) = wCi3,1)

E = Wall) = WCl4,l)

WP41{IL) = RDT*{wWa(l) - wP4(]))

RR * 1./R0

L = RR#*RL

V = RR*RY

VEL2 = L*Uy + V*V

VEL = SQRT(VELZ2)

PRES{I) = E + CT3%RO*VEL2

VSURFI{1) = V*COSNI{2,41) = U*SINN{2,1)
CP(I) = CTB*(PRES(I) —- 1.)

PRES{I) = 1. + CYS*{PRES{]I)-1.)
RCUN = la + CTS*{WL{I) ~-1l.)
TEMPL{L) = PRES{I)/ROUN

TIMFP = ABS{TEMP(I))
AMLCCLILT) = CTT7*VEL/SQRT(TTMMP)



Gee

IND=C

IF(W1{I).LTa0.) INC=1
IF{PRESI{I)eLTeCe) IND=1
IF{TEMP(I).LT.0.} [INC=1
IF(IND<EC.O) GO TC 40

RC 3 WL{I) = WC{1l,yI) = S5*%(WC{1l,I-1)+wC{1,1+1)})
RU = W2(I) = WC(2,I) = 5%(WC{2,1-1)+WC{2,1+1))
RV = W3(I) = WC(3s1) = «5%{WC{3,I-1)+WC(3,141))
E = Wall) = wCl4,1I) = S5%(WC{4yI-1)+WC{4,I+1))
GC 1C 1CC

40 CONTINUE
TEMPP = E/RQ & CT3*{RU¥RU+RV*RV)/{RC*RC)
IF{TEMPP.LTLCa) GC TC 1CO
DNCwk = CT4*SQRTITEMPP) + VEL

CMAX = AMAX1(DMAX,CNCW)

100 CONTINUE
DTBNL = CXYSN/CMAX
WRITE(IW+610)
WRITE{IW9631) ( (I WL{I)yW2(I)+W3(I)sWal(I),PRES(I),
% TEMP(I),VSURFITI}o»AMLCCLII)»CPUI)yWP4&ITI)o1)yI=1,NP)
€10 FCRMAT(1kRC, 2X1HI o 9X3HWCl » 9X3HWC2 , 9X3HWC3 4 SX3HWC4
*8X4HPRES o BX4HTEMP 4 TXSHVTANG o 7X5HMLCCL , 10X2HCP ,
* SXTHOWAEYCT 5 2X1HI )
€31 FORMATI1X,13,10F12.6,13)
99 CONTINUE '
CALL POSITN(ID1FP,1,I01,351)
WRITE{IC1) WC
CALL ENCFL(IC1FP,IC1)
RETURN
ENC



922

SUBRCUTINE PCLCIWCyWRoWSeZXy2ZY oy WH WV ZHeZV,WANS)
C INTERPCLATES FCR w AT PUINT IN A CELL WHEN CNE POINT QOF CELL IS INSIDE CONTUUR

CINENSICN WC(4)eWRI{4) 9nS{4)yWALG) WB(4) s WC(4)sWDL4) s WANS(4)
CIMENSICN wH(4) oKV {4)

Cl = 1o — 2Y

Ced = 1. - IX

C3 =1./(1. = ZV)

Cé4 =1./11. = IH)

Cé =C1*C3

C?7 ={Zv-7ZV)*C3

€8 =C2%C4

€S =lZX~ZH})*C4

CC 1C K=1,4

WALK) = ZY¥WRI{K) + C1*WQI(K)

WBIK) = ZX¥KR{K]} + C2*WS(K)

WC{K) = Co*WVIK) + CT7#*wS{K)

WC(K) = CB8#WHIK) + C9*wrC(K)
10 WANSIK) = S5%(C1*WC(K) + ZY*WB(K) + C2*WCI(K) + ZX*¥WA{K))

RETURN

ENC



lee

SUBRCUTINE STATE( W CSySNyReUsVsP,A,S,ALS)
C COMPUTES RyLsVyP,ASEALS FRCM CS,SN

CCMMEN / CPM3A / CT1,CT2,CT3,CT4,CT5,CT6,CT7,CT8
CIMENSICN W(4)

R = wll)

RR = 1l./R

LX # RR¥W(2)

LY = RR*n(3)

L = —UX®SN + LY*CS
V. = UX#¥CS + LY*SN
L2 = UX%UX + UY*ULY
P = W(4) + CT3%U2%R
T = P/R

A = CT4*SCRTI(T)

S = P/{R*%(CT5)

ALS= ALCC(S)
RETURN
ENC



gce

SLUBRCUTINE SMALRTY( C,BBgsA,X )
C FINDS SMALLEST PCSITIVE RCCT OF A%Z2%7 + B*Z + C = 0

CCVMMCN / CM11 / IRyIR
B=,5%BB
CEL = B%B — A%(C
IF(CELLLT.C.) GC TC 10
CC = —-B - SIGN({1l.4B)*SCRT(CEL)
IF{ABS(A).LT.1.E-1C)A=]14,E-10
X1=CC/A $ X2=C/CC
X = AFIN1(X1,X2)
IF{Xx.GE&C.)IGC TC SC
X = AMAX1{X1,X2)
IF(XaLTaCs) CC TC 20
CC 7C sC

1C WRITEIlI®W,11) A,B8,C,DEL

11 FCRMAT{1FGCo% QUADRATIC FRCVM BNC3 RHAS IMAGINARY RCCTS=/

* 1Xx o% AyBB,CyCEL ARE * 4E20.8 )

CALL EXIT

2C WRITE(IW,21) A BB4CyX1lyX2

21 FCRMAT(1I+C ¥ CUA4RATI3 €964 BNLC3 HAS BCTH RCCTS NEGATIVEX/

¥ 1X 9% A,BB,yCoeX1lyX2 ARE * 5E20.8 )

CALL EXIT

90 RETURN
ENC



632

CVERLAY(CVER44,0)
PRCGRAM FINCCT

CCNMMCN
CCMNMON
CCMVCN
CCMMCON
CCFMCN
CQONNMCN
CCMNMCN
N = NC
N =1
N2 = N
N3 = N
NG = N
N = N
N6 = N
N = N
N8 = N
NG = N
NC =
N11 =
N12 =
N3 =
N4 =
NS =
Nlg =
N7 =
N1B =
N19 =
NeC =
N21 =
N22 =
N23 =
N24 =
N2S =
N2E =

NN NN,

TMX

1
2
3
4
5
6
7
8
NS
N1C
N11
N12
N13
N14
N1S
N1¢
N17
N18
N1lg
NZcC
N21
N22
N23
N24
N25

A I

CMaA
CraB
cMBa
c¥M10
CF10A
C¥M11
CvM3S9

+ N

T A s
PP I

A T T N

ICTLICTFPyT1l3T24NC1NCURY

TPREV T4 INCCT NT,NTFRST

NCTMX sNBTMX o NXyNY yKX g KY g KWoNBT g MM
ICCTL o TMXZNTHX,TMR
TIMA(2)yTINB(2),TIMS(2),TIMT(2),TIM(2,8)
IRy Il

NN,A(L)
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200

566§

N27 = N26 + N

IF { INCCT.EQC.2 ) GC TC 2CC

N28 = N27 + N
N2G = N28 + N
N2C = N2S + N

CALL NEWCTL { AINL}s AIN2)y A(N3),y A(N4) s AINS)A{NE)A(NT),A(NB),

¥ AING)y AIN1O)y AINL1)y A(N12),

* A(NL3), AINL4)s A(N1S), A(NLG},

* AINLT7)y A(N18), A{N19), A{N2C)}s A(NZ21), A(N22),

* AIN23) gA(N24)9A{IN25) yAIN2E) JAIN2T) ,A(N28)yAIN29)»A(N3O),
* NCly NCULRV )

CC TC 9SS

CONTINUE

NP = NC1

N27 = N26 + 4*N

N27A = N27 + NP - 1

N2E = N27 + N

REAC(ICT) (A(I)»I=N27,N27A)

CALL POSITN ( ICTFP,ICTFP+1,ICT,401 )

REACUICT) ICTFPsT1,T2,ACLyNCLRY

CALL NEWCT2 ( A(NL)yAIN2)2A(N3)A(NG},A(NS)»AINO) +AINT)A(NB),

¥ AING), AINL1O), A(NL1), A(NL12),

* AIN13), AIN14)y AIN1D),y A{NLGE),

¥ A(NLIT7)y A(NLB)y A(NIS), A(NZ20)s A(NZ21), A(N22),
* A(NZ3), A(N24),y AIN2S)y AINZ26)y A(NZT), A(N28),
* NC14NCLURV NP )

CCNTINUE

CALL TIMER{TMR,TIMA,TIMB,TIM{1,4))
WRITE{IW,60GC) TIN(L194)2TIN({2¢4)T4NT

6C9C FCRMAT(1HC,% CP,FP TIMES FCR $ FINCCT $ ARE (SEC) *,2F10.2,5X

$*7T = ¥ F10.6y 4X * NT = % [6 )

ENC
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* 4 * *

C FIND

* 4 9 %

*
*

SUBRCUTINE NEWCTL1(X1yY1leX29Y24X1CyYLCWXCE,YCC,
NPTAgNAYALl,A2,
NPTB,NB,Bl,B2,
XoYoD9pCSeSNeC14C24C34SsXDeYDySCR1,SCR2,%WC,
Nov )

S THE NEW—CONTCUR wWHEN IT IS NCT [CENTICAL WITH A READ IN CONTGUR

CCNMMCN 7 CM3A / CTLleCT2,CT34CT4,CT54CT69CT7,CT8

COFMMCN 7 CH38 / ALFAR WIFSywWZ2FSyW3FSywaFS

CCMMCN /7 CM4 / CFyDTMX, DXYSN, DTFRST,DTOUT,DTBND,DTSTB,DT
CCMMOEN 7/ CWM4a / ICT4ICTFP,T1,72yNC1yNCLRY

CCMNMEN 7 CM4B / TPREV T, INCCTyNT NTFRST

CCMFMCN / CM7 / TOLS,»TOLX,TOLCOB,TOLCF,TOLSOL

CCMMCN /7 CM11 /7 IRy IW

CCMMCN 7/ CM118B / IC141IC2,1ILL0IL2, IC1FP,IC2FP,ILLFP,IL2FP
CCMNMCN / CML3 / ISTART,ISTCP,ISAVE,NSAVE

CINMENSION XL1UN)oYIIN) o X2({N)sY2(N)¢X1ICIN)»YLIDIN)XCCIN),YDDI{N),
NPTAINMY s NA(M) yAL(M),A2( M),

NPTBIN) yNB(M)4BL{M),B2(M),

XIEN) o YL{in) 9DIN) 9CSUIN) o SNIN) s CLIN) 9 C2(N},C2(N)»SIN),
XDUIN) o YDUIN) 9 SCRLIN} 9y SCR2IN) 9 wC 144N}

BACKSPACE ICT
REAQB(ICT) X1oY1yX2,Y2+X1CoYLICoXCO,YCC,

NPTA,NAyAl4A2,

NPTB,NB.BL,BZ2
X1{1)=X1(N)=X1C(1)=X1C{N)=XCC(1)=XCC{(N)=C,
CEL = T - T1
CEL2 = S*CEL*LEL
LC 1C Is1,N
(1) x1{I) + X1C(I)*CEL + XCC(I)*CELZ2

Y(I) YI(I) + YIO(I)*CEL + YCD(I)*DEL2
XxC(I) = X1C(I) + xCO{1)*DEL

|
R



2ee

YC(I) = YIC(I) + YCO(I)*CEL
10 CCNTINUE

Rl = (T-T1)/(T2-T1)
R2 = (T2=-T)/(T72-T1)
CC 2C K=1,M

KA = NPTA(K)

KB = NPTBI(K)

AN = KB - KA + 1

C CCMPLTE END CCONCITICNS BY LINEAR INTERPCLATICN BETWEEN VALUES

VALA = R2*%AL1(K) + R1%A2(K)
VALE = RZ2*BL1({K) + R1%B2(K)
CALL NLCSPU X{KA)9sY{KA) NNyNA(K) yVALAJNB(K),yVALB,TCLCE,
x CUKA) yCS{KA)ZSN(KA)yCL(KA),C2(KA)C3(KA),
¥ SCRL(KA),SCR2(KA) )
2C CCNTINUE
CINI=CSIN)I=SN(N)=CLIN)=C2(N)}=C3(N)=C.

C FILL IN ARRAY *S*

N = N -1
s{1) = C.
EC 3C I=24N
It =19I-1

AT

CALL CUBARC ( CesC(I1)4CL{I1)sC2(I1)+C3{IL) yTCLS*C(IL1}4S(I))

3C S(I) = S(I) + S(I1)
C WRITE CCNTCLR INFCRNMATICN CN IC(2).182(3)

CALL POSITN{ ID2FP+2,1D2,411)
WRITE(IC2) XyYsDsCSySNsC1eC29C3,S
WRITE(IC2) S,NPTA

CALL ENCFL{IC2FP,IC2)

WRITE(IC2) XCsYDyXLCCyYLCL

CALL ENCFL(IC2FP,IC2)

CONTOURS 1,2



q

gce

1¢0

SET
9GC

91¢

920
93C

S5C

IFINTLEQC.O.AND.ISTART.EC.1)GO TO 900

CALL PCSITN { ID1FP,1,1C14422 )

REAG(ID1)Y wC

CONTINUE

CALL POSITN ( IC2FP,441C24423 )

WRITE(ID2) WC

CALL ENCFL(IC2FP,IC2)

WRITE(IW,6CCO)

WRITE(IWs6010) (LoeX{L)yY{I)sCL{L),C2(T1},C3(1),S(1),1=1,N)
RETURN

*WC¥ WHEN NT = C

CENTINUE

PFS=naFS+CT3*{W2FS*¥2+W3FS¥*2)/WiFS

CC GSC I=14N

IF{I.NELl) GO TC 910

SNN==1. 3 CShN=0.

GC TC 93¢

IF{I.EQ.N}) GC TC 920

I11=1-1

CALL NRMCURI(C{I1)4CSUIL)sSNCEIL),CLITI1)+C2(11)+C3(I1)+sCS1ySNLsDUM)
CALL NRMCUR{(CooCS{I)oSMNIT)4CLUT)4C2{1)C3(1)yCS2,S5N2,4CUM)
TH1I=ATAN2(SN1,CS1) & TH2=ATAN2(SN2,CS2)
SAN=SINIC.S*{TE1+TH2))

CSN=COS(C«5%(TF14TF2))

GC TC 93cC

SAN=1e § CSN=(C.

ALCSCSN*XC(I)+SAN+YD(])

WC(1lsI) = WLFS

WC(291) = WLIFS*ALC*CSA

WC{2,1) = WIFS*ALL#*SAN

WC(4,s1) = PFS—CT3%wW1FS*ALD*ALD
CCNTINUE

RR = 1./uC(1l,y1)
L = RR*¥WC(2,1)
V = RR¥W(C(3,1)
U*L + vy
SERT(VSQ)

<

m

-
[/
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-6CCC

6010

TEMP = RR*WC(4,41) + CT3%VSC

APLUSVY = CT4*SCRT(TENMP) + VEL

CTBNC = CXYSN/APLLSYV

GC TC 1cCC

FCRMAT(1FOv* T4XysY+C1yC2,C34S ARE * )
FCRMATILX IS 43Xe2F15.844X93F15,894X,F15.8)
ENC
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SUBRCUTINE NEWCT2 ( XlyYLloX24Y24XLCeY10sXCOsYCDy
NPTAZNA,AL,A2,
NPTEBsNBoB1,yB2,
CyCSy»SNsC1,C24C3,SCR1,SCR2,
SewCy SPyWCEy NoMyNP )

#* 3 I 3

C FINCS NEw CCATGLR WHEN *INCCT* = 2

CCNNCN / CM4A / ICTVICTFP,T1,T2,NC1,NCLRY

CCMFCN /7 CM4B / TPREV,ToINCCToNT,NTFRST

COMMCN ./ CNMT / TOLS.TCLX.TCLCB,TCLCF,TCLSCOL

CCMMCN 7 CM11 / IRyIh

CCMMCN / CM11B /7 ICLl.IC2,IL1s1IL2, ICLFP,IC2FPyIL1FP,IL2FP

CIMENSICN XLAN}oYLIN) ¢ X2{N}sY2UN)X1ICIN) o YIC(N} 9 XCCAN)yYCD(N),

% NPTA(M) sNA(M),AL(M),A2(M),

* NPTBI(M)yNBIM)BL(M)sB2(M),

% CUIN)»CSUN) oSNINI»CLIN)yC2{N)C3IN)ySCRL(N)SCR2IN),
* SIN)»WC (49N}, SPINP) yWCG(4,NP)

REAC{ICT) X1geY1y4X29yY29X1DyY1IDXCCHyYCD,

NPTA,NA,AL,A2,
: NPTByNB,E1,B2
X1{13=X1IN)=X2(1)=X2{N)=X10{1)=X1DIN)I=XCC(1}=XCDI(N}=Q.

+*

%

C CCMPULTE NON-LINEAR CUBIC SPLINES

LC 2C K=1,¥
KA = NPTA(K)
KB 5 NPTB(K)

A 5 KB - KA + 1]
CALL NLCSP ( X1{KA)yYLIKA) NNyNA(K)sAL(K),NB{K)oBL(K),TOLCB,.
% DIKA) +CS{KA) ySN{KA)C1{KA),C2(KA),C3(KA),
% SCRI(KA),SCR2(KA) )
2C CCNTINUE
CIN)=CSIN)=SNIN}=CL{N)=C2(N}=C3(N)=0.

C FILL IN ARC LENGTH ARRAY %S2



o9ce

N = N=-1
€(l) = Ca
CC 3C I=2yN
I1 =1 -1

CALL CUBARC ( CuasC(IL)oCL(TL)C2(I1),C3(I1),TOLS*D(IL),S(I))
30 S(I) = S(I1) + S(Il)

C WRITE CCNTGLR INFCRMATICN CN IC2(21,1C2(3)
CALL PCSITN { IC2FP,241C2+421 )
WRITE(ICZ2) X1yYLsCoCSeSN4CLeC2,4C3HS
WRITE(ID2) S,NPTA
CALL ENCFL{IC2FP,IC2)

WRITE(IC2) X1C.,YIC,XCCsYCC
CALL ENCFL(ID2FP,1D2)
C REAC wCC FRCM ICL(1)

CaLl PCSITN { [CL1FP,1,4IC1,422 )
REAC{ID1) wWCC

C CCMPLTE *nCx* FRCM *wC(C*

EC 4C K=1,4

WCI{Kyl) = WCCI{K,1)
RC(KeN) = WCC(K,NP)

4C CCNTINLUE

N N -1
CC 1CC I=2,N1

CC &C J=2,NP
IF(S{I)JLE.SPUJ)}) CGC TC 80
60 CONTINUE

80 Jl

=J—
RRCC =

1
l./(SP(J) - SP({J1))



Lez

sl
$2
CC SC K=1,4

W

{S{I) — SP({J1))1*RRLC
{SP(J) — S(I))*RRCC

9C WC(KyI) = S2%WCC{K,J1) + S1*WCCQC(K,J)

16C CERTINUE

C SAVE *wC* CN ID2(4)

CALL POSITN ( [D2FP,4,1D2,423 )

WRITE(IL2) WC

CALL ENCFL(IC2FP,IC2)

WRITE(IW,6CCQ)
WRITE(IW,6C10)

{ToXLEI) 9 YL(T)9CLUI)C201)9C21T)4SII)4I=1sN)

6CC0 FCRMAT(1HOs* I,X,Y,C1,02,C3,S ARE * )
6010 FORMATI(LXyI543Xy2F15.8,4X93F19.894%XyF15.8)

RETLURN
ENC

-
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CVERLAY{CVER,5,0)

PRCCRA
CCMNCN
COMMCN
CCMMCN
CCMNCN
COMMNCN
CCMNCN
CCMMCN
NC = N
N = 1
N2 = N
N2 = N
N4 3 N
NS = N
Ne = N
N7 = N
N8 = N
NG = N
N1C =
N1l =
N12 =
N1l2 =
N13 =
Nlg =
N1¢ =
CALL I
*
&
%
%*
N2 =
CALL M
®

ICTH ICTFP,TL,T2y,NC1,NCURYV
TPREVs T, INDCT 4 NT ¢ NTFRST

NCTMX o NBTMXgAX o NY s KX oKY 9Ky NBT oMM
ICCTLyTMX NTMX,TMR
TIMA(2),TIMBL{2),,TIMS(2),TIMT{2),TIM(2+8)
IRy 1k

ANyA(L)

NN NN NN N

MAXO[ KX#NX + KY*NY + G*NC , 2%KW*NX)

M MAPS

/ CNM4A

/ CM4B

/ CMBA

/ CM1C

/ CM10A
/ Ckll

/ CMGS9
Cl

1 + KX#%&NX
2 + KY%NY
3 + NC
4 + NC
5 + NC
6 + NC
T + NC
8 + NC
NS + NC
N1C + NC
N12 + 1
N12 + NX
N13 + KX%NX
N1l4 + NY
NTCCN |

AINL)y AIN2),

A(N3) JAING) JAINS) sAING) JA(NT)»AINB)+1A(NSG)A(NLC),
A(NLL),

AIN12), A(N13), A(N14}, A(N15),

KXy NXy KYy NYy, NC )

N1 + Kw¥* NX

APIT ( A(NL)y A(N2), AINL2) 2 A{NLI3) oAIN14),A(NLS),
AINL)
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® A

4t

(N1)y ALN2),
A(N2),
KX oANXoKY g NY s KWoeNBTNX yNBT

CALL TIMER{TMR TINMB,TINMA,TIM[1,5))

WRITE(IW,609C)

TIN(Ly5) o TIN(295)93ToNT

6C0G0 FORMAT(1HO,* CPyPP TIMES FCR $ MAPS

$*T = % F1C.6,

ENC

4X * NT = % [6 )

)

$

ARE

{SEC) #42F10.2,5X
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SUBRCUTINE INTCCN

{ NSXyNSY,

* XeYyDsCSeSN,C1,C2,C3,S,
* IXeVXyIYyVY,
* KXoeNXoKYoNY, NC )
CCMNMCN / CM2 / INXosZNY s YZsCXsCY2CSHsCN,y RCX9sROYyRCSsRDN
CCMNMCN / CMT / TCLS,TCLX,TOLCB,TOLCF,TOLSCOL
CCMMCN /7 (M1 /7 IRy Iw
CCVNMCN 7/ CM11B 7/ IC1,1C2,1LL1,1IL2, ICLFP,IC2FP,ILLFP,IL2FP
CCMMCN / CML4 / NPRNT, IPRNT,ZNBUG, IBUG
CIMENSICA NSX{KXsAX}y NSYIKYNY),
% XINC)Y s YINC) yCUNC) yCSINC)oSNINC)4CLINC)IC2{NC)I4C3(NC),
* SINC),
% IXINX) s VXTKX o NX) o IYINY) o VY{KY4NY)

CINENSICN X31(3),Y3(3)},AS(3)
CIMENSION VXY({20) +NXY(20)

C READ *CCNT% FRCM IC2{2)

CALL PCSITN | 1IC2FPs2,1IC2,511 )
REAGC(ID2) XeYsLosCSaSN,yCL+C2+C3,5

Nl = NC -1

C ZERC CLT ARRAYS IX,VXsNSX

CC 5 I=1,.NX

Ix(1)=0

EC 5 J=1,KX

vX({JyL) = C.

NSX(JsI)= C
S CCNTINUE

C ZERGC CUT ARRAYS IYsVY4NSY

LC 7 [=1,NY
Iv(l)s0



The

7

CC 7 J=1,KY
VY(J,I} = C.
NSY(J,I)= C
CCNTINUE

C IN FCLLCWING CC LCCF INTERSECTIGONS CF CCNT WITH VERT MESH LINES ARE FOUND

10

20

3C

C FIND INTERSECTION CF CLBIC SEGMENT *]#* WITH X=(K~1)*DX

C FIND INTERSECTICN CF CLBIC SEGMENT *I* WITH LINE X={K-1}*CX

CC 1CC I=1,N1

xC s xt{1l)

XC = X{I+1)

X1 = AMINI(XC,XLC)

X2 3 AMAX1(XC,yXC)

K1 = INT(X1*RCX) + 1
K2 3 INT(X1#RDX) + 1
IF{K1eLTa1) Kl=1
TF{K2.GT.NX) K2=NX
KM = (K1+4K2})/2

$§ 3 S{I+1) - sS(I)

K = KM
IND = 1
GC 7C 5¢C

IF{ NR.EC.C +ANC. INC.EC.) ) GC TC 2C
IF( NR.EC.0 .AND. IND.EG.2 ) GC TC 100
IF{ NR.NE.C .AND. INC.EC.1 ) GC TC 1C
IF{ NR.NE.C .AND. INC.EC.2 ) GC TC 30
K = K-1

IF(K.GE.1)GO TC 5¢C

NR=C

GC TC 8

K = KN+1

IF{K.GT.NX)GC TC 1C€O

INC = 2

GC TC 5¢C

K = K¢l

IF{K.GTNX)GC TC 1CO

K FROM K1l,K2

A



e

S5C XK 5 FLCAT{K-1)*CX
CALL INTCUB{I XII)eY{I)sCUI)CSII)sSNITI),C1(1),C2(1}),C3(1),
* SSelesCay=XKoyTCLCFyTOLS)NRyX3,Y3,4NS)
IF{NR.ECL.C)IGC TC 7C
Il = IX{(K)
DC €C N=1,4NR
IT1 3 I + 1
VX{II.K) = Y3(N)
60 NSXULIoK) = NS(N)
IX(K) = IX(K) + NR
7C CCONTINUE
GC TC 8
100 CCNTINUE

CC 2CC I=1.N1

YC = Y{I)

YC = Y(I+1)

Y1 5 AMINL{YC,YC) + Y2

Y2 AMAXLIYC,YC) + YZ
Kl INT(Y1*RDY) + 1
K2 INT(Y2*%ROY) + 1

IF(KlelTel) Kl=1
IF{K2.GT.NY) K2=NY
K¢ = {K1+K2)/2
SS=S{1+1)-5(1)

K = KM
INC = 1
GC TC 15C

108 IF{ NR.EC.C .AND. INC.EC.1l ) GC TC 120
IF{ NR.EC.C .AND. INC.EC.2 ) GO TC 2CO
IF{ NReNE.C +AND. INC.EC.1. ) GC TC 110
IF{ NR.NE.C +AND. INC.EC.2.) GC TC 130
110 K = K-1
IF{K.GE.1)GO TC 15C
NR=C
GC TC 108



e

12¢

130

15C

16C

17¢

2CC

K = KM+]1

IF{K.GTNY) GC TC 2C0
ING = 2

GC TC 15C

K = K+1

IF(K.GT.NY) GO TC 200

FINC INTERSECTICN CF CUBIC SEGMENT *I* WITH Y={K-1)%DY-YZ

YK s FLCAT(K-1)*CY - Y2

CALL INTCUB(I X{I1)aY{I)sDUlI)sCSIII,SN(I),C1{T),C2(13,C3¢(1),
SS+0e91lay—YKyTCLCFyTGLSyNRyX3yY3 NS )

IF(NR.EC.C) GC TC 17¢C

IT = 1Y(K)
CC 1€0 N=1,NR
IT = 11 +1

VY{II.K) = X3(N)
NSY{I14K} = NS(N)
IY(K) = IY(K} + AR
CCNTINUE

GC TC 1cCs8

CCNTINUE

C REARRANGE EACH CCOLUMN CF VX,NSX IN ASCENDING ORDER OF CCNTENTS OF VX

CC 22C K=14NX

N = IX{K)

IF{N.LE<1) GC YC 320

CC 21C I=24N

EC 31C J=2,4N
IFIVX{JsK)uGE.VX{J=1,4K)}) GC TC 310

ELSAVE = vX{JsK)
VX{JeK) = VX{J-=1,yK)
vX{J=-1yK) = ELSAVE
NLSAVE 3 NSX{JsK)
NSX(JyK) = NSX(J=1,4K)
NSX(J-14K) = NLSAVE

310 CCMNTINUE



e

320

C REARRANCE EACK

410
42C

CCNTINUE

EC 42C K=1,NY

N o= TYIK)

IF{N.LE.l) GC TC 420

CC 41GC I=2,N

CC 410 J=2,N
IF{VY{JsK)eGE.VY{JU=-19K)) GC TC 410
ELSAVE = VY {J.K}

VY{JsK) = VY{J-1,K)

VY(J=14K) = ELSAVE

NLSAVE = NSY(J,K)}
NSY(JeK) = NSY([J—-1,K)
NSY(J=1,K) = NLSAVE
CONTINUE

CCNTINUE

TCL=.CO1*{CX+LY) /2.

C WIPE CLT CGINCICENT PCINTS IN %VX*

505

510

CC 520 K=1,4NX

N=1X{K)

IF(NsLELL)GC TC 52C

VAY{Ll)=yX{1,K)

NXY{1)=NSX(1,K)

AN=1

LC S10 J=2,N

IF(NsEG.2) GC TC 5C5
IF{ABS{VX{JeK)-VX{J=-1,K} ) LE.TCL )IGC TC 510
CCNTINUE

NN=NN+1

VXY{NN) = VvX{J,K)
NXY(AN) = NSX(J4K)
CCNTINUE

IX{K) = AN

CC 515 J=1,yNN

CCLUMN CF VY,NSY IN ASCENCING CRCER CF CCMNTENTS OF VY
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VX({JyK) = VXY(J)
NSXLJeK)=NXY ()
515 CCNTINUE
520 CONTINUE

C WIPE CLT COINCICENT PCINTS IN #*Vvyx

CC 62C K=1.NY

hN=TY{K)

IF(N.LE.1) GC TO 62C
VXY(1) = VY{l,K}
MXY{1) = NSY{(1,K)
AN=1

LC 610 J=24N

IF{ABS{VY(JsK)-VY{J-1sK)) LEL.TCL )

NN = NN + 1

VXY (AN) VY {JsK)

NXY{NN) NSY(JyK)
610 CCNTINUE

IY{K} = NN

LC é15 J=1,AN

VY {JeK) = VXY{J)

NSY(JsK)I=NXY(J)
€15 CONTINUE
€2C CCNTINUE

{1}

C WRITE * IXyVXeIYsVYSASXyNSY % CA

CAaLL POSITN ( ID2FP,5,1C2,4512

IC2(5)

)

WRITE(IC2) IXya¥X9lYeVYy NSX,NSY

CALL ENCFLUIC2FP,I1L2)

IF{IELG.EC.C) CL TL 7iC
WRITE(IW,6CCC)
WRITE(IW,6010) IX
WRITE(1Ww,60G2C) VX
WRITE(IW,6C3C) NSX
WRITEl{lw,6C1lC) 1Y

GC TC 610
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WRITE(IW,6C2C) VY

- WRITE(IW,603C) NSY

710

6ccc
6C1¢C
€020
603C

CCNTINUE

FCRMATULEO % L1XoVXoeNSX9pIYo VY NSYH)
FCRMAT(1X,5012)

FCR¥MAT(1X,10F12.8)

FCRMATI(1X,5120C)

RETLRN

ENC
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SUBROUTINE INTCUB(II XCeYC9DeCSySNyC14C24C34S54A4B+CyTCLCF,TOLS,
* NRyXRyYR4NS)

CCMNMCN / CVMII / IRy I
CINENSICN XR(3)4YR{3)¢XL(3)4CF{4),RRLI3)4RIMI3)4NS(3)

C FIND CCEFS CF LINE IN LCCAL CCCRCS

AL 5 A%CS + B*SA
BL = —A#%SN + B*CS
CL = A*XC + B3YC + C

C FIND CCEFS CF CLBIC

CF(1) = CL

CF(2) = BL*C1 + AL
CF(3) = BL*C2
CFl4) = BL*C3

CF¥MX=AMAXL{ABS(CF(L1)),ABS{CF(2))+ABS(CF(3)},ABS{CFl4)))
EPS=TOLCF*CFMX

C IF ANY CCEF IS VERY SMALL CCMPAREC WITH CTHERS, SET TC ZERC

NR=C
LC 1C MC=1,4

10 IF{ABS{CF{MC)).LT.EPS) CFI(MC)=0.
Vo= 3
IF(CF{4).NE.C.IGC TC 2C.
V=2
IF{CF{3).NE.C.) GC TC 2C
b=
IF(CF(2).NE.C.) GG TO 2C
¥ = C
RETLRN

2C CALL RCCT3(M,CF,RRLyRINMyCCNV)

€1 = ~.CC1*C



ghe

L2 = 1.CC1l*D
£E1 = JCCC1l*C
E2 = .966G*C
CC 3C I=14¥

IF{RIM{I).NE.C.) CC TC 3C

RI = RRLI(I)

IF{ RILLT.C1 .CRe RIGT.C2 )} GC TC 30
NR 5 NR + 1

IF{ RI.GE.C ) RI
IF{ RI.LE.Q. JRI
XLINR) = RI

CALL CUBARC {0+ oXL{NR)4C19C24C3,TCLS*SS,SIT )
SI = SI/SS

IF{SIGT.1l.) SI=1.

NS(NR) = 1CCCO*INT(l.E«08%SI) + I1

CONTINUE

C
.O.

CC 4C I=1,NR

XX = XL{I}

YY = XX*(Cl + XX%(C2 + XX#%C3))
XR{1) = XC + XX¥CS - YY*®SN
YR(I) YO + XX¥SN + YY*CS

RETURN
ENC
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SUBRCUTINE MAPIT( MAPBNW, MAPCUT, IXeVXsIYyVY,

* % % W

MAPBCL
MAPBET, MAPLXW,
LISTE,
KXyNXoKYsNY,Kin g NBTMX NBT )

CINMENSICN NFAPBAW(KWwyNX)y MAPCUT{KhoNX)s MAPBCL(KW,NX),

¥
¥

CCMMCN
CCMMCON
CCMNEN
CCMNMCN
COMMCN
CCMNMCN

N NN NN

MAPB
IX(N

Cnr2
CraB
Cvl1l
Cr¥l18
CM12

CML4

GENERATES *MAPQUT*
GENERATES *MAPBNW*

SAVES XVMAPBNWX
READS IN *MAPBCL=*
- ¥MAPBET*

EMAPL XWX

SAVES *MAPLXW*
FORMS *¥LISTB *
STATENMENT FUNCTICN
XNESH(I) = FLC
YNESHF(J) = FLC

SET *MAPCUT*

)

CC 1C I=1,AX
CC 1C J=1,KW
MAPCLT(JyI) =

PAPEAR{ I,

10 CCNTINUE

[

ET(KhsNX)y MAPLXW{KW,NX)),
X)y VXIKX9NX)y IYINY)y VY(KY,NY)y LISTB{NBTMX)

INXsZNY s YZoCXsCYSLSsEN, RCXsRDY»RLS,REON
TPREVs Ty INDCTyNTH,NTFRST

IRy I

Il,IC2,ILL1,IL2, ICLFP,IC2FP,ILL1FP,IL2FP
[TALZRS yTALWNSy¥SK{60) , FSKRGT(60)

NPRNT, IPRNT,NBULG, IBLC

NN NN NN

FCR PRESENT CCNTQUR *Tx*

FCR USE AT =T+CT*

CAN IC21€)

FROM [D2(1)

= (MAPBCL).ANC. (MAPCUT)

= (oNCT.VMAPBET) ANC.{MAPCLT)
ON ID1(1)

FRCVM *MAPBET*

AT{I-1}*LCX
AT(J-1)%CY - YZ

#MAPBNW # = O

[ALnNS
TALZRS



0se

C GENERATE *MAPCLT*®

CC 1CC I=1,NX
JINT = IXx(1])
[IF{JINTLEC.Q) GC TC 1CC
CC SC J=1,JINT
YY = vX(JdyI)
N = INTO(YY+YZ)*RCY) + 1
YYY = YMESF{N)
N=N+1
IFIYYYLEC.YY) N = N = NMCDI(Jy2)
Nl s N-=-1
IBIT = ¢6C - MCC{NL1,60)
InC = 1 + N1/6C
IL=NAPCLT(IWC,I)
IM = MSKRGT(IBIT)
LCV IL.CR.IM
LANM IL.ANC.INM
NLAM = JNCT.LAV
MAPCLT(IWDyI) = LCVMJAND.NLAM
IF{IWC.EC.KW) GC TC 9C
InCl = IWC + 1
CC 20 K=IWC1 KW
2C MAPCULT(KyI) = JNCT.MAPCUTI(K,I)
GC CCNTINUE
100 CCNTINUE

IF(IBUG.EQ.C) CGC TC 105
WRITE(IW,6CCC)
CC 1C1 I=1.NX
1C1 WRITE(IWs6CLC) (MAPCUTI(JsI)9J=19Kh)
105 CCNTINLE

C GENERATE *MAPBANW*
NYL NY - 1

ANx1 NX = 1
CC 2CC I=1,NX



162

r2¢

13C
2CC

JINT = IX(1I)
IF { JINT.EC.C ) CC TC 2CQ0

Ii1=1-1

IF(Il1eLTal) 11 = 1

I¢ = 1 + 1

CC 2CC K=1,JINT

YY = VX(K,l)

J1 = INTL{YY + YZ)2ROY) + 1
J2 = Jl + 1

CC 120 J=J1,J2

dd = J -1

IBIT = 6C - MOD(JJ,60)
IWC =1 e JJ/€EC

CC 120 I1=11,12
VAPBNW{IWDyII) = MAPBNW(IWC»II)eCR.MSK{IBIT)
CCNTINGE

IF ( YY.NE.YMESH{JL) )} GC TC 2CO

Jd s (d1 - 1) - 1

IBIT = 6C - MCC(JJ4,60)

InC = 1 + JJ/6€C

CC 130 II=I1.12

FAPBANW(IWC,II)= MAPBNW{IWC,»II) CR.MSK({IBIT)
CCNTINUE

CCATINUE

£C 3CC J=1.NY
JINT = IY(J4)
IF { JINT.EQ.O ) GC TC 3CO

J1 = 4 -1

Jz = J + 1

CC 2CC K=1,JINT

XX = VY(KyJ)

I1 = INT(XX*ROXx) + 1
12 = 11 + 1



A%

CC z2C JK = Jl1
JJ = JK - 1
IBIT = €C - NMC

IwE =1 + JJ/¢

CC 22C I=11,12

VAPENW(TWE, )
22C CCNTINLE

IF{XXaNELXNMESEH
IF{Il.LE«L) GC
ITt = 11 -1
CC 230 JA=Jl+J
Jd = Ja - 1

vJ2

CtJJs60)
c

= MAPBNW{IWCy1)aCR.MSK{IBIT)
{I11)) ¢C 1C 3cCce
TC 3CC

2

IBIT = 6C - MCC(JJ,60)
IwC = 1 + JJ/eC

VAPBNW{IWC,11)
£23C CCNTINUE
3CC CCNTINUE
STCRE *NAPBNW¥ IN

CatL PCSITAN (

= MAPBNW(IWCsI1)eCR.MSK(IBIT)

IC2(¢€)

IC2FP4+641L2,521 )

WRITE(IC2) MAPBANW
CALL ENCFL(IC2FP,IC2)

IF(NT.EC.CIGC

TC sSCC

READ *MAPBCL* FROVM ILC2(1)

CALL PCSITN |

IC2FP,1,1C2,4522 )

REAC (IC2) ~APBCL

GENERATE *MAPBET*

CC 40C 1=14NX
LC 4CC J=1,Kh
400 MAPBET(J,I[) =

MAPBCL{J 1) AND.MAPCUTJ,I)



cce

IF(IBUG.EC.C) GC TC 4CS
WRITE(IW,6020)
CC 4Cl I=1,NX
401 WRITE(1ws6CLC) (MAPBET(JyI) od=1,Kn)
405 CCNTINUE

C GENEBATE #MAPLXw* ANC STCRE CN IC1(1)
CC SCC I=1,NX
CC SCC J=1,Kh
SCU MAPLXN(JoI) = (JNOT.MAPEET(JyI)).AND.IMAPCUT(J,1))
C STCRE *MAPLXw* CN ICL(1)
CALL POSITN { ICIFP,1,IC1,523 )

RRITE(ICL) MAPLXw
CALL ENCFLUICL1FP,IC1)

c GENERATE *LISTE* FRCM *VMAPBET*

CC 610 I=1,NBTMX
€10 LISTR(I) = C
NBT = 0
LC €SC [=1.,NX
- CC €9C J=1,yNY
IF(FAPCHK( MAPBET KWwoNXoJyI)eEC.C) GC TC 690
NBT = NBT + ]
LISTBINBTY) = 1CCCC*] + J
€9C CCNTINUE
IF{ NBT.LE.NBTMX ) GC TC 750
WRITE(IW,7CC) NBT,NBTHX
TCC FCORMAT(LHEC+* NBT EXCEECS NBTMX @ / 1X,#NBYNBTMX ARE® 216 /
o 1Xo* JCB ABCRTEC * )
CALL EXIT
75C CCATINUE

C wWRITE *LISTe* Ch IC1(2)



nse

SCQ

ecce
6C10
602C

CALL PCSITN ( IC1FPs2,IC1,524
WRITE(IDL) (LISTB{I)4sI=1yNBT)
CALL ENCFL(IC1FP,ICY)

RETLRN

CCNTINUE :

CALL PCSITN (IC1FP41+IC14525)
WRITE(ID1l) MAPCUT

FCRMAT{1HG % MAPCLTY * )
FORMAT(1X,2020)
FCRMAT{1KHG,y * MAPBET * )

RETLRN
ENEC



SUBRCUTINE RCCT3(NsAgUsVeCCNV)
C FINDS RCCTS CF A PCLYNCMIAL CEGREE.LE.2: USING NEATCON-BAIRSTOW
CIMENSICN A(4)oU{3)yVI3)oHI5)8(5),C(5)

] - ACshel €0000090
| IF (AINC)) 1498,1 | c0CC0100
1 CCAvel.CE-20 '6CCC0110
CC 2 I=lNC - . -CCCCO130
2 FiD=ALD) .C0000140
P=C.C 00CC0150
C=C.C ~ C0CCOL60
R2C.C - _ 06C00170
IREVEL - 00000180
3 IF (H(1)) 6e4eé €C0C0190
4 AC=nC-1L 000C0260
N VINC)=0.C : /00000210
N LINC)=0.C - £C6CC0220
£C & I=l,NC 0€C00230
5 h(D)sH(I+l) - 00000240
GC T1C 3 £0CC0250
€ IF (NC=1) T41CCo7 €CC00260
T IF (NC-2) 94849 ' . 00000270
€  Re=h{1)/F(2) .€0000280
6C 1C SC €CCC0290
S IF (NC=2) 11,1iC,11 00000300
IS PeRL2)/H(D) 00C00310
‘ Cak(1)/H(3) : €0CCG320
‘ 6C 1C 7¢C 0000330
11 IF (ABS{F(NC=1)/HINC)I=-ABS(H(2)/K(1))) 12,19,19 000CC340
12 IREV==1REV | '6CCC0350
¥aNC/2 /00000360
CC 13 fzl,¥ ~ 00CC0370
AL=NCH1-| . .06C00380
Fat INL) , - CCC00390
FINLY=HT) _ €0C00400
13 H(ID)=F _ €CCCO410

IF (C) 1514415 _ _ .C00C0420
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14
15
1¢

17
19

2C

21

22
23

24

25

3C
31
32

33
314

35

3¢

P=0.C

CC TC 1¢

F=P/C

€=1.C/¢

IF {(R) 17419,17

R=1.C/R

E=1.E~-13

BINC)=HINC)

CINCI=sF(NC)

BI(NC+1)sC.C

C{NC+1)=C.C

NP=NC-1

CC 37 J=1,10C

CC 21 I1l=1,NP

I=NC-11

B{I)=H(I)+R%*B{I+1])
C{II=B{I)+R*C(I+])

IF (ABS(B(1)/H{1})—-E) 5C45C422
IF (C(2)) 24423424

R=R+1,0

CC 1C 25

R=R=-B(1)/C(2)

CC 2C [1=1,NP

I=hC-11
B{I)=hH{I)-P#B([+1)-C*B{I1+2)
CII=B{I)=-PAC{I+1)-C*C(I+2)

CIF (F12))32431,32

IF (ABS{B(2)/H(1))-E)}33,23,34
IF (ABS(B(2)/H(2))-E)33,33,34
IF (ABS(B(1)}/H(1))-E)TC.7Cs34
CB8AR=C(2)-B(2)
C=C(3)**%2-CBAR*C(4)

IF {(C)3€435,3¢€

F=P-2.0

C=C*(Q+1.0)

€C 1C 37
F=P+({B(2)*C(3)-B11)*%C{4))/C
C=C+{(-B(2)*CBAR+B(1)*C(3))/D

' C0CC0430

CCCCO440
€C00C0450
€CC00460
CCCCOo470
000C0480

coccos500
0CCCo510
00000520
G0CCO0530
0CCCO0540

€0CC0560
0C0CO570
00000580
€C0C0590
€CCQ0s0Q0
00000610

GCCCo620

6Ccco630
00000640
0CC00650
€CCCo660

"00000670

€00C0680

"0C0C0690

cocoavoo
cocco7io
ccccov2o
cccoo730
0CCCO740
coccor5C
0CC00760
cocco770
cocca780
€00C0790
0C000800



L&z

37

40

5C

51

52
53
S4

7C

.71

72
73

14

1%

1€
17

S8

CCNTINUE
E=E*1C.C

"CALL CVERFL{NES)

If INES.EC.1) GC TC SS

IF (E-CCNV) 2C,+20,40
LONV=2E
GC 1€ 2¢C

AC=NC-1
VINC)=0.C
IF {IREV)S51,52,52

LINC)=1.C/R

€C TC 53
LINC) =R

CC 54 [=1,NC
H(1)=B(I+1)

TL 1C 6

AC=NC=-2

IF (IREV)T1,72,72
CP=14.0/C
FP=zF/(C*2.C)

GC TC 73

CP=(

FP=P/2.0
F=(PP)*e2-(CP

IF (F)T4,75,75
LINC+]1)=—PP
LINC)=—PP
VINC+1)=SCRT{-F)
VINC)s=VINC+])

GC TC 1¢
LINC+#1)=—SIGN(ABS(FP)+SCRTI(F),PP)
VInC+1)=C.C
LINC)Y=CP/UINC+])

VINCI=0.C

CC 77 I=1.NC
F{I)=8(1+2)
GC TC ¢
CCNV=-1.C

- .CCCCo8lQ

coccosa0

¢ccos22
cococaz4
€0co0830
0CCOCE40
ccccoasc
€CCoo860

0ogooo0870

ccccosso
cccooseso
00000900

cCCcCo9la

€cccos20
06000930

CCCCO940 -

€Cccassc
00000960
CcoCo970
¢Ccco98c
00000990
ccogolooo
cccolo010
00001020
C0C01030
C0CLOLC40
€cCo1050
CCCO1060
cccoleore
cocolcsg
CoCoL090
cgocglico
¢GCC1110
ccCc1llL20
CCcCl13c0
CCCC1140
00001150
€CCO1160



S$9
1CC

- RETLRN

CCONv=-2.C
RETLRN
ENEC

L£CCCl1a%
ccColLt0
ccculls0



CVERLAY(CVER,€,C)
FRCCRAVM LAXWECF

CCMMCN /7 CMaB / TPREV,TyINCCToNToNTFRST

CCMMON / CMBA / NCTMX W ABTMX gNXANY KX 9KY yKWaNBT 4y MM

COMMCN / CMIC / ICCTLsTMX,NTMX,TMR

CCMNMCN / CMI0A /7 TIMAL2)4TINMBI2)oTIMS(2),TINT(2),TIM(2,8)
CCMMON /7 CHM11 / IRy Ih

CCMNMON / CMGSGG 7/ NANyA(1l)

IF(NT.EC.C) GC TC S99

MM3 =MM 4 3ENY

NY2 = 3%NY

AY2 = 2%NY

ANl =1

N = N1 + MM3

N2 = N2 ¢ #V¥F3

8 Ng = N3 ¢ M¥]
v NS = N4 + VM3

Ne 3 K5 + AY3

AT = N6 ¢ AY3

NE = N7 ¢ NY3

NS = N8 ¢ AY3

ANC = NG ¢ NY3

ALl = N1C +NY2

N12 = NIl + NY2

ANl12 = N12 + AY2

Nl4 = W13 + AY2 _
CALL LXKK § ALNL)A(N2),A(N3),ALNSG), A(h5) AING)yAINT)AINB)AINT),
* AINIC) A(NLL) A(INL2)4AINL3), A(Nl4)o
* MMI G NYIZNY2 KW NXpNY )

9G5S CCANTINUE

CALL TIMER(TMR,TINA,TINB,TIM(1,6))

WRITEIIW26CIC) TIN(LoE) o TINI296) 2T oNT
~€C9C FCRMATU{IFC ¥ CFP.FP TINMES FCR $ LAXKNL % ARE (SEC) *,2F10.245X
# Fl0.6y 44X % NT = % 6 )

$*7

i
7



ENC -
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SUBRCUTINE LXWN { wWlswzZiw3,Wa, F2yF3yF4, G3,C4,

FFLybF2,hF3,HF4,

FCR wFINAL
CQ

AA., % BB
PP

* MAPLXh, MMIZNYI G NY2 Ko NXyNY )}
c LAX~KNC STAR FCR WFHALF FCR WGFALF
C P C R
C 3 ¢ 9 C . » R . . .
C
C 2 5 8 B . % L C *
c
C 1 4 7 A . . P . . o
C A B C
CCVMNEN / CHM2 / INXeINY  YZsEXsLYWCSHCA, RCXyRCYRCSyREN
CCFMNMCN /7 CHM3B / ALFAR WLFSeW2FSyW3FSyW4FS
CCMNCN / CM4 -/ CFyCTMX, DXYSN,y, CTFRST,DTCLT,DTBNC,LTSTB
CCMNCN /7 CNME / ARTVS,CaNB
CCNMCN. /7 C¥MBB / MSeML,KBLKS
CCMNMCN / CM11B /7 ID1,IC2,ILY,IL2, IC1FP,IC2FP, IL1FPy IL2FP
CINENSICN  wliWMM3) ¢W2(NMNM3) w3 (NMM3),yha(MV3),
% F2{NY3)F3{NY3)F4(NY3), G3(AY3}),G4(NY3),
* FFLINY2) oy BF2(NY2) yFF3(NY2)yFF4(NY2)y MAPLXKIKWeNX)

% HGL(2)4FG2(2)+HG3(2}4EGa(2)
C STATEMENT FUNCTICNS

WFHALF [ WBy WCe FBs FCy GAy GPy GCy» GR ) =

* «9%{WB + WC) + CL1*(FC - FB) + C2%(GC + GR — GA - GP)

WGHALF [ WBs WQ,e GB, GCy FA, FPy FCy FR )} =

* «5%{WB + WC) + C3*(CC — GB) + Ca4a*(FC + FR - FA = FP)

WFINAL [ wy FAA, FEBy GPPy GCQ ) =
* W + CS*(FEB - TAA) + C6%(CCC - GFP)

C SET INCICATCRS



c%e

- LC 1€ Ke]loNY3
1C Faix) = ~-iC.

CC 2C K=1,NY2

€ FF4(K) = ~1C.

Lt = 0

L2 = |

L2 5 2

LFl = 0

LF2 = |

C PCSETICN #*IL1+ AT ILL(})

ANC

®IL2* AT [L2(1)

CALL PCSITN { IC1FPs1.IC14611 )
C PCSLITICN ID1 AT IOL(L)

REAC(ID1) MAPLXR
PCSITN{ILLIFPyloIL1y€E12)
PCSITN ( IL2FP.loIL2,613 )

CaL
CAL
Cl
Le
c2
Ca
£s
I J

L
L
=

DT/(2.%DX)
C¥/(8.%CY)
CT/7(2.%CY)
CT/(B.%*CX)
crs¢ tx)
A cYl

NYL = NY - 1

C TrIS IS THE TC LCCF CVvER THE BLCCKS

CC SCC KB=1,KBLKS

Vv =

v

S

IF{KBoEQ.KBLKS) M=¥L

"KR1
KR2
KR3
KR4
KRS

-KRE

=

NY ¢ 1
2%N\Y
KR2 ¢ 1

NY®R(¥42)

KRG + )
NY®{red)

IF(KE.EC.1) GC TC 3C
BACKSPACE ILI
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BACKSPACE IL1
REAR{ILY) {(wl(K)} K=KR]1,KR2),

%
*
%*

(W2{K)sK=KR1,KR2),
{(W3(K) s K=KR1,KR2),
{(wa{KJ,K=KR1,KRZ2)

CALL FSR { 1,IL1,IERR )
30 RECAC(ILL) (W1(K),K=KR3,KR41},

*
*
*

{(w2{K)K=KR3,KR4),
{w3{K)+K=KR3,KR4),
(Wa(K)yK=KR3,KR4)

IF(KB.EC.KBLKS) GC TC 4G
CALL FSR ( 1,IL1,1ERR )}
REAC({ILL) {(wl1{K),K=KRS5,KRE),

*
*
%

(W2 (K) yK=KR5,KR6&)
{W3(K) K=KR5,KR6),
{Ww4(K) K=KR5,KR6)

4G CONTINUE

45
46
C SET

W1l1) = WLINY) = WIFS
W2(1) = W2(NY) = W2FS
$3(1) = W3(NY) = W3FS

= W4alNY) = W4FS

Wa(l)

IF{ KBaNELL ) GC TC 4¢

UP LEFT ECGE CF FIRST BLCCK
J1 = 3%NY + 1

JZ2 = 4*NY

JA = 2%NY

£0 45 J=JlyJ2

Jd 5 J - A

Wl(Jd) = wl(J)

W2(Jd) = -wW2lJd)

wW3(JJ) = w3(J)

wa(JdJd) = w4(J)

CCATINUE

[F | KB.NE.KBLKS ) GC TC 5S¢
LP RIGHT ECCGE IF THIS IS LAST BLCCK

J1

= NYR(M+2) + ]
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J2 = NY*(M+3)

€C 55 J=Jl,J2
WlL(J) = WlFS
w2(J) = W2FS
W2{J) = W3FS
Ra(J) = w4FS

55 CGNTINUE
5€ CCMTINUE
C THIS IS THE CC LCCP CveER THE CCLUMNS IN A BLCCK
CC ECC I=1,¥

iyl =1 -1
IPL = 1 + 1
C INTERCHANGE AUXILIARY STCRAGE ARRAYS AND RESET *COMPUTE%* [NDICATOR

LSAVE = L1
L1 = L2
L2 = L3
1.3 = LSAVE
KL = L3%NY + 1
K2 = K1 + NY - 1
CC &€C K=K],K2

&0 FA(K) = =1C.
LSAVE = LF1
LFl = LF2
LF2 = LSAVE

KI = LF2¥NY + 1
kK2 = K1 + NY = 1
CC 7C K=K1,K2

70 tF4(K) = -1C.
Lécl = 1
Lc2 = 2
tG4{lGL) = ~10,
G4 (LG2) = ~10.

C THIS IS THE CC LCGF wWITHIN A CCLUMN
CC 7C0 J=2,NY1
IJN = [MLXNY + J
LSAVE = LG1
LGl = LG2
LGZ = LSAVE
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FC4{LG2) = -10.

C CETERMINE IF (I,4) TS A LAX~WNC POINT
1T = (KB =1)%MS + |
IF(NAPCEK ( MAPLXwhy KWy NXy Jy II) .NE. C ) €C TC SQ
WITTIN) = W2{IJN) = W2IIJN) = WallUN) = -2,
GC TC 7¢¢C

9C CCNTYINUE
C FIND PCSITICN TN W ARRAYS CF THE NINE PCINTS

K5 % JPLI&NY + J
K4 5 KS - 1

KE 3 K5 + 1

K2 = K5 — NY

Kl = K2 - 1

K3 = K2 + 1

K8 = K5 + NY

K7 = Ké - 1

K9 = K8 + 1

C CHECK IF PCINT IS A FREE STREAF PCINT

IF{W4 (K1) «NE.W4FS) GO TC 100
IFING(K2) eNELW4FS) GC TC 1CO
IF{w4{K3).NE.W4FS) GC TC 100
IF(W4{K&) NE.W4FS) GO TC 1CO
IF(K4(K5) NE.W4FS) GG TC 1CQ
IFIn4(KE) NE.W4FS) GC TC 1CO
IF(R4(KT7).NE.W4FS) GC TC 1CO
IF(W4{K8)NE.W4FS) GC TC 1CO
IF(w4 (K9} NELW&4FS) GC TC 1CO
Wl1(IJUN) = WLFS

wW2{IJN) = W2FS
W2{IJN) = W3FS
Wa{IJUN) = W4FS
GC TC 7CC

1CC  CCATINLE

C FIND PCSITICNS IN FoG ARRAYS CF NINE PCINTS



99¢

KK2. = L1%#NY + J
KK1 = KK2 - 1
KK2 = KK2 + 1
KKS = L2%NY ¢+ J
KK& = KKS - 1
KKE = KKS + 1
KKE = L3*NY + J
KK7 = KKg = 1
KKG = KK& + 1
KFl = LFL1*NY + J
KF2 = LF2*NY + J

11¢ IF{F4(KK1).NE.~-10.)GC TC 120
CALL FGIWL{KLY W2(K1)sW3(K1)ywalKl},
AF2(KK1) 9FIIKKLY s F4{KKL) ,G3({KKL)C4IKK]))

120 IF(F4(KK2).NE.-10.)GC TC 130

CALL FGIWIIK2)+W2{K2) sy W3I(K2) s WslK2),
HF2(KK2)+FI(KK2) 4F&(KK2)2G3{KK2)C4I(KK2))

130 IF{F4(KK32).NE.—10.)GC TC 140
CALL FGIW1{K3),n2(K3)sm3(K3)yha(K3),
¥F2({KK3)4F3(KK3),F4(KK3),G3(KK3),G4{KK3))

14C IF(F4(KK4)NE.—1C.)GC TC 150
CALL FG{Wl{K4)¢W2(K4) e W3{Ka) H4l(K4),
*F2(KK4) yF3{KK4 ) F4(KK4),GI{KK4) G4 (KK4G))

150 IF{F4{KK5).NE.-10.)GC TC 1640
CALL FGIW1{KS) +W2(K5),W3(K5)sW4(K5),
*¥F2(XK5) 9y F3(KKS) oF4{KK5) ¢G3(KKS5)C4(KKS))

160 IF({F4(KKé)«NE.—10.)G0 TC 170
CALL FGIWL1(KOE)1W2(K6E) w3 (KE)IW4({KE),
BF2(KKE) yFI(KKEY yFLIKKE) 9GIIKKE) 9G4 TKKED)

170 IF{F4(KK7).NE.~10.)GC TC 180
CALL FGUWLIK?)sW21K7) ¢w3(KT)sWalKT),
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SF2(KKT)sFIIKKT)oFLIKKT)¢GI{KKT)G4(KKT))

180 IF(F4{XKE).NE.~10.)GC TC 190
CALL FG(hl(KBi.hZ(KB).&3(K8)oHQ(KS)o
PF2(KKE) o FILIKKE) 9F4(KKB)GIIKKA) sGaIKKE))

19€ IF{F4(KKS).NE.~10.)G0 TC 200
CALL FGIW1IKG) yh2({KI) yn3{KS)owa(KT),y
BF2(KKG) yFI(KKG) yFAIKKS) 4GIIKKI) yE4(KKG))
2C0 CONTINUE

C.CCMPLTE F AT KEALF VALLES

IF{HF4{KF1l)JNE.~1C.)GC TC 220
FulanFHALFIWI{K2) ol IKD)eW2(K2)on2U(KS ),

* WITK1)sW3(K4)sWI(KIVyW3IIKE))
FR2=WFHALF(W2(K2) yW2IKS) sF2(KK2) 4F2(KKS)

» FITKKL) oF3(KK4A)3FIIKKI)FIIKKE))
EW3sWFHALF{WIIK2) yw3ILKS) oFILKK2)9FI(KKS),y .

¥ G3(KK1)sG3{KK4&)pGI(KKI)GIIKKE))
FRa3wWFHALF (W4 (K2) w4 (KS) oF4{KK2) oF4(KKS),

* G4{KK]) 9G4 (KK4) ,G4({KKI),,G4(KKE))

CALL FFRUFW1)HW2 oM 3sHWA 9 EFL(KF1) yHF2(KFLl) yHF3(KF1) 4HF4(KF1})
220 CENYINUE

FlshFHALF (WL {KS5) yW1{K8) yW2{KS) H2(K8),

* W2IK&} ow3(KT7)owI(KED 993 (KT))
Fh23WFHALFLW2(K5) oR2(K8) sF2IKKS) F2IKK8),
* FIIKK&) oFILKKT) pFIIKKE) yFIIKKS))
Fw3awFHALFAW3(K5) 93 (KB) 9FI(KK5) 4F2{KKE),

* GI(KKSA) sG3 (KK T) yGI{KKE) 9GI(KKS))
FER4=UFHALF LW4 (K5) on&{K8) yF4(KK5) oF4LKKE ),y
* G4IKKA) 3G4IKKT) 9GLIKKE) 9G4 IKKS))

CALL FFUIFWlobn2oFu3oHn4 HFL{KF2) HF2IKF2)4HFIIKF2) oHF4IKF2))
230 IF{HG4ILG]) JNE.~1C.)GC TC 240

FRl=hGHALF (1 {K&) »nl (KS) i3 (K&) o w3 (KS),.
* W20K1) sw21K2) sW2(KT) s w2 {K8))
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Fh2swWCHALF (W2 ({K4) yn2{KS)+F3(KK4)FI(KKS),

% F2(KK1) 4F2UKK2) F2IKKT7)yF2{KKB))}
Fu3=KWGHALF{W3{K4) ,W3(K5),G3(KK&),G31KKS5),

¥ F3(KKL1)yF3({KK2)¢F3(KKT)yF3(KKSB))

Fha=wGHALF (W4 {K4) s W4 (KS) yG4(KKEL) G4 (KKS ),

¥ F4{KKL1)F4{KK2) yF4({KKT)F4{KKSB))

CALL GGlFw]lyHW24HW29oHWA4sHGL(LGL) ¢yHG2{LGL) FG2{LG]1)yFG4(LGL))

24C CCNTINUE

FWl=WGHALF (WLIKS) ywl{KE)»W3(KS)sn3{K6E),

¥ W2(K2)¢W2(K3) 1 W2(KB)+W2{KG))
EW2=WGHALF (W2 {K5) yW2(KE) ¢F3{KKS) oF3(KKE),

% F2IKK2)sF2(KK3) 4F2(KKB}F2{KKS))
FW3sWGHALF (W3 (K5I 9 wW3(KE)+GI(KKS) yGI(KKED)

* F3{KK2)+F3(KK3),F3(KKB),F3{KKI))
FR4=hGHALFIWA(KS) ¢y Wa{KE) »GALIKKS) yG4{KKE)

* FAa(KK2) sF4{KK3) yFA(KKB),F4(KKS))

CALL GG(HW1l,HW2,HW3,HW4,HGL1(LG2) HG2({LG2),HG3(LG2) ,HG4(LG2))

WI{IJUN)Y = WFINALIWL{KS) HFL{KF1))HF1{KF2),HG1{LG1)HGLIILG2))
W2UIJIN) = WRFINAL{W2{KS)yFF2IKFL) yHF2{KF2),yHG2{LGL)+C2(LG2))
PI(TIIN) = WEINAL(W3{KS)yHF3{KFL1) o HF3(KF2),HG2{LGL)yHG3(LG2))
Wa{IJN) = WFINAL{W4{K5) HF4{KF1) HF4{KF2),HG4(LG]) HG4(LG2})

7CC CONTINUE
8CC CCNTINLE

C STCRE RESLLTS AwAY

KWl =1

Kh2 5 NY

K2 = 1

Kh4q = MaENY

KWS 5 (M=1)3NY 4+ 1
Khé = MENY

[F(KB.EQ.l) GO TO 820

WRITE{ILZ) (W1(K) ,K=KKl,KW2),
¥ {W21{K) s K=Kl eKW2),
* [W3{K) pK=KWl¢KW2),
* (Wa(K) K=Kh]l,KNW2)



82C CGNTINUE
WRITECIL2) (Wm1(K) K=KW3KW4&),
] (K2(K) sK=KN3yKH4 ),
* (W3({K) yK=Kh3yKind),
* (WG (K) yK=KK3IyKK4&)
IFIKB.EC.KBLKS) GC TC SCC
WRITECILZ) (W1(K) sK=KWS4KWE)
* (W2(K) yK=KWSKWE),
* (WNI{K) o K=KWS s KWE) »
L (MG (K)o K=zKhSyKinE)
SC0 CONTINUE
CALL ENCFLUIL2FP,IL2)

RETURN
ENC



SUBRCUTINE FG{Wlow2oW3sW4ayF2,F3,F4,G3,G4)
CCMNFECN /7 CM3A /7 CT14CT2,CT3,CT4,CT5
Rklsl./Wl

L =w2%Rnl

V  an3*Rhi

RL 23k 2%y

RV2zh3*y

P =R4+CTIX(RUZ+RV2)

CC =CT2*Pah4

CC =CT1»

- F2 =CD+RU2

F2 =W2%y
F4& 3L *CC
G3=0D+RV2
G4 =y*CC
RETURN
END



e

SUBRCUTINE -FE(WlowZonIohboFliF2:F30F4)

COMMCON /7 CM3A / CT2,CT24CT34ET4,CTS

Rulsl./nl
L s3W2%Rw]
vV =W3*RNK1

- RU2swael
- RVZ2shIsy

P anéeCTIBLRUZ24AV DY)
F1 3w2

-F2 3CT1%P. » RU2

F3 an2*y

F& sEe(CT2%P + w4)
RETURN

ENC.
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SLBRCUTINE GGéWlow2eW3oh4eGleG24G34G4)
CGPIMCN / CF3A / CT14CT24CT3,CT4,4CT5
RWl=l./Wl

L =h2*RhWl

V  =h3*%Rkl

RL2=W2¥L

RV2=w3*V

P =w4+CTIAB[RL2+4RVZ)
Gl =k3

€2 =w2*V

G2 3€ETL*P + RV2
G4 =VE{CT2%P + W4)
RETLRN

ENC



cle

CVERLAY(CVER,7,Q)
PRCCRAM BETKN

COCMMEN 7/ CMaA /
CCMMCN / CM4B /
CCMNCN / CMBA /
CCFVCN 7 CM10A /
CCMNEN /7 CMIC /
CCMMCN / CM11 /
COMMCN / CMSSS  /
IF{NT.EC.C) GC TC
NC = NC1

FM2 = MM+ 2%NY
ANl =1

N2 = N1 + NBT

N3 = N2 + 4%NB7T
Na = N3 + 4%NBT
NS = N4 + NX

Ne 5 N5 + KX%NX
N7 5 N6 + NY

N8 = N7 + KY#*NY
NG = N8 + KX#%NX
CALL

ICT,ICTFP,T14T2,NC1,NCLRV

TPREV: T INCCTINT NTFRST i
NCTMX gNBTMX g NX g NY KX yKYyKWoNBTy¥M

TIMA(2) »TIMB(2) 2 TIMS(2)yTINT(2),TIN(248)

ICCTL TMXyNTMX,,TMR

IR,y IW

M,ALD)

S99

LAPGUN ( A(NL)y A{N2),y AIN3)y A(N4), A(ND)y A(NE)y AINT),

* A{NB)y A(NS), KXy NXyKY)NYy NBT )

NS = N& + 4%NBT

CALL RHSENDE ( A(N1)s A(N2)y A(N3)y AIN4), A(ND),

*
NS = N4 + NMM2
N6 3 NS + NMZ
NT = N6 + M2
NE = N& + 4¥NBT

A{N3), NBT, NC )

caLL RHSLXW { A{NL)s AIN2), A{N3), AIN4)y A{N5}, AINE)y AINT),
% A(NB)y NBT,ZNM2,NY ) '

CALL LHS ( A(NL),

A{N2)y A(N3), A(N4), NBT )

CALL SCLVE { A{N1)s AILN2), A(N3), A(N4), A(NE), NET )

SG69 CCNTINLE



wl2

CALL TINER(TNR,TINE,TIMPA,TINM(]

v 7))

BRITE(IWe609C) TIN(L9T)oTINI2,7)oT4NT

6C90 FCRMAT(LIHOs®* CP,FP TIMES FCR
$8T 3 * Fl0.6y 4% # NT = # 16 )

END

$ BETuN

$

ARE (SEC) %,2F10.2,5X -



clz

SUBRCUTINE LAPGUN(LISTB)ARN NSZ»IXoVXoIYoVYNSXeNSY,
* KXoNXoeKY  NY NBT)

C TH1S SUBROUTINE CCMPLTES VALUES CF THE LAPLACE-GUNNESS STAR

CIMENSICN LISTEB(NBT) 9ARNM{4,NBT),NSZ{4,NBT),
¥ IXINX) g VXLKXoNX) s IYINY) o VY {KY NY) g NSXIKXaNX)9oNSY(KY,NY)

COMMCN 7/ CHi1 / IRyIn

CCMMCN 7 CM2 / INX9INY»YZoCXsCYsTSHCN, RDXo+RCYsRCSyRDON
COMMCN / CM11B /7 1IDLlsID2,IL1,1IL2, ID1FP,IC2FP, ILLIFP,IL2FP
CCMMCN /7 CM14 / NPRNT,IPRNT,NBUG,IBLG

C STATEMENT FUNCTICNS
XMESH(I) FLCAT(I-1)*CX
YMESKH{J) FLCAT{J-1)%CY - Y1

won

C SET NSZyARM

€C 1C I=1,NBT

NSZI1sI) = NSZ{241) = NSZ(3,1) = NSZ{4,]1) = C
ARNM(1,1) = ARM(3,]) = CY

ARNM{2,I) = ARNM(4,I) = CX

1G CCKTINUE
C THIS IS THE BIG CC LCCP

READ #*LISTB* FRCM IC1{2)
READ #*IXoVXyIYoVY,ASX,NSY FRCM I02(S)
CALL POSITN { ID1FP,2,IC1,711 )
REAC(101) LISTR
CALL PCSITN ( IC2FP,5,102,712 )
REAC(IDZ) IXyVXsIYoVY NSX,NSY

e N el

CC GCC N=1,NBT
1 LISTBIN}/1CCCC
J MCDI(LISTBI(N),1CCCC)



9Lz

CHECK SGLTH AND NCRTH ARMS
NCTE NINT=IX(1) IS AN EVEN NUMBER

MNINT = IX(D)
IFININT.EC.C) GC TC 3CC
Y = YMESH{J)

Yi= YMESE(J-1)

YZs YMESE(J+])

ChECX SCLTH PGCINY

CC 120 KCC = 24NINT
K = 2 +# NINT - KQQ
YY 3 VX{K,1)
IF{YY.6T.Y) GC TC 120
IF(YY.LT.Y1)GO TC 120
ARN{LoN) = ¥ - VY
NSZ{1,N) = NSX{K,I)

: €C 1C 2cCC

120 .CCNTINUE

CHECK NCRTH PCINT

2CC NINT1 = NINT - |
CC 22C K=1,4NINT1,2
YY = VX(X,1[)
IF(YY.GT.Y2) GC TC 22C
IFLYY.LT.Y ) GC TC 220
ARFM{3,N) = (YY-Y)
NSZ{3yN) = NSXUIK,1)
GC TC 30C

22C CCNYINUE

CHECK EAST ANC WESTY POINTS
3CC NINT = 1Y(J)
IF({ NINT.EQC.C ) GC TC 7€0
X = XMESH(I)
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X1= XMESHI{I-1)
X2= XMESK{I+1)

C CHECK EAST PCINT
C IF NINT IS EVEN CHECK CCD PCINTS $

TF{ #CDININT,2).EC.C ) GC TC 310
IF{ NINT.EC«1l ) GC TC 4CO
Kl = 2
K2 = NINT - 1
€C 1C 315
310 x1 = 1
- K2 3 NINT - 1
315 CC 32C K=K1K2,2
XX = VY{(K¢J)
IF({XXeGTaXx2) GC TC 320
IF(XXeLTaX) GC YC 320

ARMI2,4N) = (XX=X}
NSZE24N) = NSY{H,d)
GC TC 4cCC

320 CENTINUE
C CHECK WEST PCINT

400 IF{1.EQ.1) GG TG €CO
C IF NINT IS EVEN CHECK EVEN PCINTS §

LC 420 KCC = 1,NINT
K = 1 + NINT — KQQ
XX = VY{K,J)
IF{XX.GTu4X) GC TC 420
IF{XX.LT.X1)GO TC 420
ARV {4,4N) = (X=XX)
NSZ{4,N) = NSY(K,J)
GC TC 7¢C

42C CCNTINUE
CC TC 7CC

C WEST PCINT wrHEN I=1

IF NINT IS CCC CHECK EVEN POINTS

IF NINT IS CCC CHECK OCD POINTS
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60C ARM[44N)
NSZ(49N)

ARM(2,N)
NSZ{(24N)

C FCRM LAPLACE-GUNNESS STAR

7C0 S s ARM{1,N)
EFE = ARM{2,N)
EN = ARM(3,N)
W 3 ARM{4,N)

TCL = CCCCO1*(CX+CY)*,5
"TF{HS.GT.TCL) GC TC 71C

"ARM{1.N) = ~-1.
ARM(3,N) = Q.
ARNMT44N) = C.
GC TC scCcC
710 IF(HE.GT.TOL) GC TC 72¢C
ARMI24N) = -1,
ARNM{34N) = C.
ARM{4,N) = O.
ARN(1.N) = C.
GC TC scCc :
720 IF(HN.GT.TCL) GO TC 73C
ARM{34N) = 1.
ARM{44N) = C.
ARNM{1,N) = C.
ARN{2,N) = 0.
GC T1C 9cCC
730 IF{EK.GT.TCL)Y GC TCO 80C
ARM{4,4N) = -1,
ARM{14N} = C.
ARM{24N) = C.
ARM{3,N) = 0.
GC TC 9CC

800 REW = l./{HE + HHW)
RSN = 1./(kS + KN)
s HE#*HW



scc-

€¢CC5
€C10
6C2¢C

€Cac
€04¢
6050

€Céc
SicC

FSK = HS®HN

tF 3 1 /(HEW + HSA)
En = HESREWSHSA

SN = HH*RSN3HKHEMW
ARM{14N) = =SNBEK
ARPL{24N) = = Ewdkn
ARPLI4N) = =SN#*HS
ARM{4yN) = —EWSKE
CCNTINLE

 WRITE(IW,60C5) NBT
FCRNAT(1FG,* NC CF BETWEEN PCINTS ARE

WRITELIN,6C10)
FCRMAT(1HO, * LISTE * )
WRITE(IW,6C2C) LISTIB
FCRMAT(1X,1518 )
IF({IBUG.EC.C) GC TL 91¢
WRITE(IWy6C3C)
FCRMATILRC, * ARM » )
WRITE(In,6040) ARM
FCRMAT(1Xy4F15.6. )
WRITE(Iws6CS5C)
FCRMAT(1HC,* NS2 & )
BRITE(IW,E6C6C) NS2
FCRNAT(LX,4120)
CCNTINUE

RETLRN
ENC

* 1¢ )
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SUBRCUTINE RRSENC( LISTB, ARNM, NSZ, RtS, wW(C,
%* RET,
% NBT, NC)
C CCMPLTES CCONTRIBUTICN TC R+S FRCVM BCUNCARY .
CINENSICN LISTB(NEBT)y, ARM(44NBT)y NSZ{4yNBT)yRHS{44NBT)4WC{4yNC),
%* RET{4,NBT)

CCMMCN 7/ CM11 / IRy IW
CCMNMON / CM11B 7/ IC1eIC2,1L0sIL2y ICLFP,IC2FPILLFP, IL2FP

C ZERQ CLT *ARMX¥

£C 1C I=1.NBT
CC 1C J=1,4
10 RES({J,1) = O.

C READR *wWC* FRCM IC2(4)
CALL POSITN{ IC2FP,4,41C2,721 )
REAC(IC2) wC

CC 2CQ N=14NBT
LC 1C0O0 K=1,4
NN = NSZ(K.N)
IF(NNLEC.C) GO TC 1CO
IP1 = MCC(NN,1CCCC)
s1 {(1.E-C8)*FLCAT(AN/LICCCC)
S2 1. - S1
P2 = IP1 + 1
AR s ARM(K,N)
ARM{KyN) = -10.
CC S5C L=1,4
50 RESILWN) = RFS(LyN) = AR¥{S1*WC(LsIP2) + S2*wWCI(L,IP1))
1CC CCNTINLUE
2C0 CCNTINUE

I

C MCVE *RHS* TC. *RHT*
CC 3CC I=1,NBT
CC 3CC J=1,4



300 RHT{J,I) = RHS(J,1)

RETURN
ENC

Tge
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SUBRCUTINE RKESLXWw (LISTE, ARM, RFSy; Wiy W2y W3y W4,
* RHT. NBTyMM2,NY )

C COMPUTES CCNTRIBUTICMN TC RES FRCM LAX—WANEC PCINTS

CIMENSION LISTBINBT), ARM{4¢NBT)y RHSt44NBT)y RHT{4¢NBT},
¥ KLINN2) oW2(MP2)oW3(FM2) sh&(MN2)

COMMCN / CMBB / MS,ML,KBLKS

CCMMCN / CM11B 7/ IC151C24ILEyIL2, ICYFP,IC2FP, ILLFP4 IL2FP
CCMMCN /7 CMIL / IRe1Ib

COMMCN /7 CM14 / NPRNT, IPRNT.NBUG, IBUG

C PCSITICN *]1L2% AY H2(1)
CALL POSITN{ IL2FP1,182,731 )

CC SCQ KB=F,MBEKS.
M= pMS
IFIKR.EC.KBLKS)Y M=pML
KR} = 1

KR2 = NY

KRI = KR2 + 1

KR4 = NY®*(Fs])

KRS = KR4 + 1

KRE = NY®(N+2)
IF(KB.EC.1}> GC TC 30
BACKSPACE H Z
BACKSPACE 1L2
REACEIEZ2) ({wWl(K) ,K=KR1,KR2),

¥ (W2IK) oK3KRLyKRZ2 )y
* tW3I{K) ¢ K=KRL9yKR2T o
» tha(K)sK=2KR]1 KR2)

CALL FSR ( 1+1E2.1IERR ).
30 REAC(IL2) (W1(K}oK=KR3\KR&)

* : (W2{K)oX=RRI KRG ).
* (WI(K)yK=KRIJHRE) o
» (WA LK) K=KRI R4 )

IF(KBLEC.KBLKS)-  GC TC 40C



- “II
3

¢ge

*
%*
*

CALL FSR ( 14+IL24IERR )

REAC({IL2) (wl(K) K=KR543KR6),
{W2(K)sK=KRSyKRE),
(W3(K) +K=KR5yKRET
(W4 {K)yK=KR5,KR6)

4C CCNTINUE

C CHECK LISTB FGR BETWEEN PCINTS FRCM

210

22C

23C

240

25C

Il [KB=1)*VS + 1

12 I1 + ¥ -1

CC 4CC N=1oNBT

I = LISTB(N)/1CCCC
IF{I.LT.I1) GO TC 400
IF(1.67.12) GO TC 4C€CC

J = MCD(LISTB{N),1CCCC)
CC 3CC K=1,4

W

IFUARMIK¢N}JLE,=1Ce) GC TG 3CC
IF(ARM{KIN)LE«~1C.) GC TC 3CC
CC TC (2104220423C424C1),K

I1 = 1

Jd = Jd -1
GC TC 25¢C
II =1 + 1
Jd = J

GC TC 25C
II = 1

Jd = J + 1
GC TC 25C
I1=1-1
JJ = J

IF{ T1.6C.Q ) 1[=2
CONTINLE

L = (Il = 11 «13%NY + JJ

IF(wa{L).LT.C) GC TC 3CC
LIS = 1CCCC*I1 + JJ
CC 28C NZ = 1,4NBT

IF(LIS.ECLLESTBINZY)Y GC YC 3CC

I1 TC

I2



ge

280

acc
4CcC
500

CCANTINUE

AR = ARNM(K,N)

ARM{K N}
RES({1,N)
RESI2/N)
RES{3,N)
RES{4,h)
CCNTINUE
CCNTINUE
CONTINUE

LU T TR I 1]

~20.

RHS(1,yN)
RHS(24N)
RHS (3 4N)
RHS{4,N)

MCVE *RFS* TC *RHT*

6G0

€85C

€SCC

€5C

CC €CC 1I=1,.NBT
CC €CC J=1,4

RET(Jy 1}

RHS(Jy 1)

AR*WL(L)
AR#W2(L)
AR#WI(L)
AR*W4 (L)

IF(IBUG.EC.C) GC TC 65C
WRITE(IN,685C)
FCRMAT(LHQ,* RHS #* )
WRITE(Ins€SCC) RHS
FCRMAT(1X,8F15.8)

CCATENLE
RETLRN
ENC



Qe

SLBRCUTINE LHS ( LISTBs ARNMy AA, NN, NBT )

CCOMPLTES THE AA MATRIX

CaQ¥MCN /7 CM11 / IRyIn
CCMMCN 7 CM14 / NPRNT,IPRNT,NBUG,IBLC
CIMENSICN LISTBINEBT) ¢ARM{44NBT) sAA{S4 NEBT Y NN(4NBT)

CLEAR ARRAYS *AA%, *NN%

10

CC 1C I=1.NBT

LC 1C J=1,4
AA{JeI) = C.
MN{J,l) = C
CONTINUE

THIS IS THE BIG CC LCCP CVER ALL THE BETWEEN POINTS

EACE PASS SETS UP CNE RCw CF THE #pA%* MATRIX

C 4CC L=1l,NBT
LisSTB(L)/1CCOC

¥CDILISTBIL)Y1CCCC)

C
I =
Jd =

IPCS = ¢

IN THIS CC LCCP THE 4 NEIGHBCURING PCINTS CF BETWEEN PCINT *L* ARE CHECKED

11¢C

12C

13¢C

14C

TC ASCERTAIN IF THEY ARE BETWEEN PCINTS

CC 3C0 K=1,4
IF(ARMIK,L).LE.~1C.)} GC TC 300
GC 7C (11C»120413Cy14C) K

LIS = 1CCCC*I + (Jy-1)

GO TC 15¢C

LIS = 1CCCC*{I+1) + J

GC 7C 15C

LIS = 1CCCC*] + (J+l)

CC T1C 1sC

iF(l.EC.1) GC TC 3cCQ



age

150

LIS = 1CCCC*(I-1) + J
CCNTINUE

FIND THE POSITION CF LIS IN LISTB

20C
21C

22C

25¢C

3CC
4CG

6C1C
6020
6030
6035
6040

41¢

CC 2CC M=1,NBT
IFILIS.EQC.LISTB{M}) GC TC 220
CCNTINLE

WRITE(IW,21C)
FCRNATI1X,*ERRCR IN AANMTRX¥*)
CALL EXIT

IPCS = IPCS + 1

EL = ARM(K,L)

IF{I.NE.1) GC TC 250
IF{K.NE.2) GC TC 25¢C

ARNM{4,L) = -30.
EL = 2.%EL
CCNTINUE
ARNIK,L) = —-3C.
AACIPGS.L) = EL
MNTIPCSHL) = M
CCNTINUE
CCNTINUE

IF(IBLGL.EC.C)GC TC 41cC
WRITE({IW,6010)
FCRNMAT{1KFC, * AA * )
WRITE{Iw,602C) AA
FOCRMAT(1X44F20.8)
WRITE(IW,603C)
FCRMAT(1HCy * NN #*)
WRITE(IW,6C35) NN
FCRMAT(1X44120)
WRITE{IW,604C)
FCRPAT{1HQ, * ARM #%)
WRITE(IW,6020) ARWN
CCNTINUE

RETURN



lge

ENC
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SUBROUTINE SOLVE! LISTB, SCL, AA, NN, RHS, NBT )
C SCLVES LINEAR ECNS FCR BETWEEN PCINTS

CIVMENSICN LISTE(NBT), SCL(4yNBT), AA{4,NBT)y NN{4,NBT), RHS{4,NBT)
* +SCLNEW{4)

COVNMCN /7 CM7 / TCLS,TCLX,TOLCB, TCLCF,TOLSCL

CCMMCN /7 CHM11 / IR¢lIh

COMNCN /7 CPL1LB /7 1CL,IC2,IL1,1IL2, ICLFP, ID2FP, JLLFP,IL2FP
CCMNMCN /7 CM14 / NPRNT, IPRNT,NBUG,IBLG

TCL = TOLSCL

C SET STARTING SCLUTICN

CC 2C I=1,NBY

CC 1C J=1,4

SCL{JeI) = RES(JyI)
10 CGNTINUE

IF((LISTB(I)/1CCOC).EQ.1) SCL{2,1)} = O.
2C CONTINUE

ITER = C
50 ITER = [TER + 1

ELMX4 = C.

CELMX4 = O,

C EACH PASS THROUGH FCLLCWING LCCP IS CNE ITERATICN
CC 4C0O I=1,NBT

CC 1C0 J=1+4
100 SCLNEW(J) = RHStJ»ID

CC 3C0 K=144

NNCW = NN(K,I)
IFINNCW.EQ.0) GC TC 320
ANCk = AA{K,I)
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2C0
3¢0

320

34C

400

45C

Y eo] ¢

CC 2CC J=1.4
SOLNEW(J) = SCLNEw{J) - ANCh*SCL{JyNNCk)

CENTINUE
IF{(LISTB(I)/1CCOC).EC.1) SOLNEW(2) = C.

DELVMX4 = AMAXL(DELMX44ABS{SOLNEW(4) — SCL{4,1)))
ELMX4 AMAX1(ELNX4 o SCLNEW(4))

CC 340 J=1+4
SCLGJyI) = SCLNEW(J)

CONTINUE

IF(ITER.GTL.2CC) GC TC 450

IF{DELMX4.GT. (TCL*ELMX4)) GC TC 50
CCNTINUE

RAT = DELMX4/ELMX4

WRITE(IW,6000) ITER,DELMX4,ELMX4y RAT,TCL

" FCRMAT(1HO.* ITER,DELMX4,ELVMX4,RATIC,TCLSCL ARE * [4,4F16.8)

C STORE *SCL* CON ID1(1)

6850
69C0
SCC

CALL PQSITN{ ILDLFP,3,ICL,741 )
KRITE(ID1) SCL
CALL ENCFLUIDIFP,ICL)

IF(IEUG.EC.CIGC TC 5CO0
WRITE(IW,685C)
WRITE(IW,€SCC) SCL
FCRMAT(1HOs* SCL * )
FORMAT{1X,8F15.8)
CCNTINUE

RETLRN
ENC



CVERLAY{CVER,1C,+0C)
FRCGRAM STBPRN

COMMCN / CM4B / TPREV,T,INDCTsNTsNTFRST

CCMMCN / CHMBA / NCTMX G NBTMXgNXsNY s KXgKY3KWyNBTHMN
CCMFCN / CHM1C / ICCTL,TMXyNTMX,TMR

COMNON / CM10A / TIMA(2),TIMBI2),TIMS{2),TINT(2),TIM(2,8)
CCMNMCN /7 CM11 / IRy Ih

CCVMMCN / CM13 / ISTART,ISTCP,ISAVE.NSAVE

COMMCN / CM9SGT9 7/ NNyAL(D)

IF(NTLEC.C.ANC.ISTARTLECL.1)GC TC 3CO
IFINT.EQC.C.AND.ISTART.EC.4)GC TO 999

Nl = 1
N2 = N1 + N8BT
N3 = N2 ¢ 4%NBT
N4 = N3 + MM
NS 5 N4 + MM
Né = N5 + MM
CALL STPR ( A(N1), AIN2)y A(IN3)y A(N4), A(NS),y A(NE)y NBT,MM,NY )
GG TC 966

SCO CCNTINUE
N1 =1
N2 = NI1#KRh%NX
N2 = N2 + M¥
N4 = N3 + MM
NS 5 N4 + MM

CALL STPRCIAINL) +AINZ)AIN3) yAING)yA(NS)y NXyNY,MMyKin)
G99 CUNTINUE

CALL TIVMER(TMR,TINMA,TINB,TIM(1,8))
WRITE(IWs6090) TIM(Ls8)yTIM(298)yTyNT

€C9C FORNMATILEC+* CP+PP TIMES FCR 8 STBPRN § ARE (SEC) %,2F1042+5X
$*T = ¥ FlQeb6y 4X % NT = %* J6 )

ENC



162

SUBRCUTINE STPRO(MAPCUT e Wl yW29W3eWay NXyNY, MM, KW )

C TklS SUBRGUTINE IS CALLEC WHEN NT = 0O

CCMMCN /7 CM3B / ALFARyWLIFS W2FSyW3FSyW4FS

CCMMCN 7/ CM4 / CFsCTMX, CXYSNy CTFRST,CYCUT,CTBNGC,CTSTB,DT
CCMMCN / CMBR / ¥S,ML,KBLKS

CCMMCN 7 CM11 / IRy Ih

CCMMCN 7 CM1ILB 7 IC1,IC2,IL1.1ILZ2, ICLFP,IC2FP, IL1FP, IL2FP
CCMNMCN / CH14 / NPRNT,IPRNTNBUG, IBLG

CINENSICN MAPCLTIKWoNX) pWL(MM) W2 (MM) w3 (MM) W4 (MM)
CALL PCSITN(IC1FP,1,IC1,4821)

REAC(IC1) MAPCLT

CALL PCSITN(ILLIFP,1,1L1,4822)

CC 5CC KB=14KBLKS
M = MS
IF{KBL.ECLKBLKS)V = ML
¥TCT = MaNY
Il = (KB=1)%MS
CC 1CC II=1.¥
I =11 + 11
CIML s [ -1
CC ICC J=Ll.NY
K = IML¥NY + J
[F(MAPCHK{MAPCLT yKnyNXyJyI)aEQ.0) GC TC 90

Wl1{K) = WLFS
W2{K}) = w2FS
W2(K) = W3FS
R4(K) = WA4FS
¢C 1C 1ccC
90 Wl(K) = W2(K) = W3(K) = w4(K) = -2.

1CC CCATINUE

C FRINT CLT WliWZsW3 o4
IFCIPRNTLECL.CIGC TC 25C

Tl=(KB=1)%NMS+1
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210

22C

23C

240
25C

*
%*
%

420

12=114M-1

WRITE(IW,6C1C)

CC 21C I=11,12

K = {1-11)%NY

Kl = K + 1

K2 = K + NY
WRITEL{IW,6CCC)TIs{nl(K),K=K1,K2)

WRITE(IW,6C2C)

CC 22C I=[1,12

K = {(I-11)%*NY

Kl = K + 1

K2 = K + NY
WRITE(IW+6CCCIIo(W2(K) K=K1yK2)

WRITE({IW,603C)

CC 232¢C I=11,12

K = {I-]1)%NY

Kl = K + 1

K2 = K + NY
WRITE(IW,6CCCII4W3(K),K=K1,K2)

WRITE(Ihy6C4C)

LC 240 I=11,12

K = (I=I1)%NY

KL = K + 1

K2 K + AY
WRITE(IWy6COC) Iy (Wa(K) K=K1,K2)
CONTINUE

IFIKELECLL) GG TO 42¢C

Kl = 1}

K2 = NY

WRITE(ILL) (Wl(K),K=K1l,K2),
{W2({X) e K=K1lyK2),
{h3(K)yK=K1yK2)y
(W4 (K) ¢K=K14K2)

CONTINUE
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Kl 1
K2 MTCT
WRITE(ILY) fwWll(K) K=K1,K2),

E ]

* {(W2(K) K=K]lyK2)»
x {W3(K) K=K1,K2),
% (Wa (K)o K=K1,K2)
Kl 5 MTCY-NY+¢l

K2 = MTCY

WRITEC(ILL) (Wl{K),K=K1,K2),
% (R2(K) o X=K1,yK2),
* (W3(K) K=K1,K2),
% (We(K) K=K] o K2)

‘3CC/CCNTINLE

S00 CONTINUE
‘CALL ENCFLAILLFP,ILL)
ETCLA = CTFRST

6CC0 FCRMAT{1X,)I3,2Xe)15FB.4¢/(6Xe15F8.41))
6010 FORMAT(1HO,*Wl*/)
6C2C FCRMAT{1EC %xk2%/)
€C3C FCRMAT(L1FQ,%w3*/)
6040 FORMAT(LIHG,*¥W4*/)

RETURN
ENC



SLERCUTINE STER

C FILLS #w* ARRAYS WITH

{

BETWEEN PCINT VALUES. PRINTS w. FINCS DTOUT

62

CCMMCN / CM3A / CTLlsCT2,CT73,CT4,CT5,CT7€4CT7,CT8

CCMMON / CM3B / ALFARswIFSoh2FS wW2FSeynsFS

CCMMCN / CM4 / CFyCTMXy CXYSN, CTFRSTH»CTCUTHCTIBNC,LCTSTBHOT
CCMMCN / CM4B / TPREVyTHoINCCT4ATyNTFRST

CCMMCN / Cw8R / MSyMLyKBLKS

CCMNCN / CM11 / IR41In

COMMCN / CM11B /7 1D1,ID2,1L1,1IL2, ICLFP,IC2FP, ILLIFP,IL2FP
CCMNMCN / CHM14 / NPRNT, IPRNT,NBUG, IBUC

CIMENSICN LISTB{NBT) ySCLCANBT) 9wl {NNM) 3 W2 (MM) w3 (MNF) W4 {MM)

C READ # LIST8,SCL * FRC¥ ICL{(2),IC1(3)

CALL PCSITNU ICIFP4241LC1,4811 )
REAC(ID1) LISTE

CALL PCSITN( IC1FP,3,IC1y812 )
REAC(IC1) SCL

C PCSLTICN *ILZ2% AT [L2(1)

C PCSITICAN *ILLI* AT IL1(1)
CALL PCSITANU [L2FP,1,112,813 )
CALL POSITN( IL1FP,1,IL1,814 )

CMAX = (O,

LC 5C0 KB=1,KBLKS

M= bS

IF(KB.EC.KBLKS) M=pML

MICT = M¥:NY

IFIKBJNELL) CALL FSRUZ2,IL2,]ERR)
READ{IL2) (Wl{I),1=1,MTCT}),
* (W2(I)eI=1,MTCT),
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* (W3L1) o I=1,¥ICT),
% (Wa(I)yl=1eMTCT)

C INSERT BETWEEN PCINTS

Il = (Kg=-1)%MS ¢ |
12 = [1 ¢« ¥ - |

CC 1CC N=1,NBT
41 = LISTB(N)/ZL1CCCC
J = MCD(LLISTBI(N),LCCOO)
IFITl.LT.I1)CC TC 1CC
IF{1l.GT.12)GC TC 1CC
i =11 - 11
‘K.z [#NY ¢+ J
ALIK) = SCLIL1,N)
h2(K) = SCLI2,N)
#3(K) = SCL{3,N)
~w&{K) = SCL(4,N)

100 CONTINUE

C PRINT CLT Wlen2eh3 k4
lF(lPRNT.EC.O) GO TO 25¢

®RITE(In,6C1C)
€C. 210 I=11,12
K = {([=11)*NY
Kl 3 K + 1
K2 = K ¢+ NY
210 WRITE(IW,6000) [ tm1(K) K=K14K2)

WRITE(IWy6C2C)
€C 220 I=11,12
€ = (I=-11)%NY
Kl = K + 1
K2 = K + NY
22C WRITE(IW6CCC) 1o {n2(K) 4K=K]1 K2}



WRITE(IW,603C)
CC 23C I=I1,12
K = {(I-T1)%NY
Kl = K + 1
K2 = K + -NY
23C WRATE(IW6CCCHI 2 Th3I(K) yK=K1yK2)

WRITE(IW,6T4C)

CC.24C I=1I1,12

K = [I-11)%NY

X1l = K + 1

K2 = K ¢+ .NY
280 WRITE(IWs6CCC)Iy(na(K) jK=K14K2)
.25C CCGATINUE

C CCMPLTE "MAXINUM YALUE CF .(A+VEL) FROM THIS BLGCK

LC 2CC K=1,MTCT
IF{n4(K).EC.W4FS) GC TC 300
IF(w4(K).EC.~2.) GC TC 3CC
RR = 1./u1{K)
L = RR®*W2(K)
V = RR*w3(K)

VSQ = UsL + vay

VEL = SCRTIVSQ)
- TEMP = RR*k4(K) + CT3%yS(
IF(TEMPILTLC.) CGC TC 27C

CNCw = CT4*SCRT(ABS{TENF)) + VEL
CFMAX = ANMAXL(DMAX,CNCW)

GC TC 3¢¢C
270 CONTINUE

KKl = K-1

KK2 = K+]

KK3 = K - NY

KK4& = K ¢ AY

WRITE(IWs271) KBoNYoKoml(K)eW2(K)sW3(K)ow&a(K),TEMP
271 FORMAT{1HO ¥ KBoNY KyWLIK) yW2{K)sW3({K)wa(K),TEMP ARE *



Léz

% /1X9314,45E20.€ )

WL(K) = 25% {Wl{KKL}+W1{(KK2)+W1{KK3)+WL(KK&))
W2(K) = 25% (W2(KKL1)+hW2(KK2)+W2{KK3)+W2(KK4})
W3{K) = 25%{W3(KK1)+W3(KK2)+nW3(KK3)+W3(KK4))
Wa(K) = 25% (W4 IKKL)+ha(XK2)+Ww4alKK3)+n4a{KK4E))

WRITE(IW2272) WLIKDIsW2{K)sW3{K) w4 {K)
272 FCRMAT(1H+C * NEW WI(K) s w2{K)oW3(K)yW4(K) ARE *
¥ /13X, 4E2C.6)
3CC CCNTINUE

IF{KB.EQ.1) GO TO 42C

Kl =1

K2 = NY

WRITE(ILL) (WL(K) K=KL1lsK2)+
* {W2(K)K=KL1¢4K2)»
% (W3 (K)sK=K19K2),
* {W41K) pyK=K1,4K2)

42C CONTINUE

Kl = 1

K2 = MTCT

NRITE‘ILI) (NI‘K)'K=K11K2)'
* {W2(K)yK=K1,yK2),
* (h3(K)vK=Kvi2)1
* (Wa(K)4K=K1,K2)

Kl 5 MTCT-NY+1

K2 s MTCTY

WRITE(ILL) (wl(K),K=K1,K2),
* (W2 (K) ¢K=K14K2),
* (hB(K)yK=KlpK2)1
* (W4 (K}, K=K1,K2)

5CC CCNTINUE
CALL ENDFLUILLIFP,IL1)
CETCLY = CXYSN/CMAX

€CCC FCRMATI{1IXyI392Xy15F8aby/(EXs15F8a41))
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461 ° D440 ONIINING LNIMNUIAOCD 'S N o

0TE/08e~08L

€01C
6C20
603C
€04C

FCRMAT(LIHC y*W1%/)
FORMAT(LHO s *W2%/)
FCRMAT(1+Oy%w3%/)
FCRNMAT(1KC 1% n4%/)

RETLURN
ENC

$319  CARDS



